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PREFACE.

TrE material in this compilation was, for the greater part, prepared
almost twenty years since, by Prof. S. W. Johnson and myself as a text-
book for the students in our laboratory. Circumstances prevented its
publication at that time, but it has served as the basis of a course of
lectures and practical exercises annually given in the Sheffield Laboratory.

The plan of instruction has been to have the student work through a
course of Qualitative Blowpipe Analysis as introductory to Determinative
Mineralogy. For the latter subject we have employed von KoseLL's
Tafeln Zur Bestimmung der Mineralien, many of the students taking
the work in the original, while others made use of either Erni’s or Elder-
horst’s translations. These “Tables” were translated by Prof. Johnson
and myself while we were students of Prof. von Kobell in 1853-4, at
Munich, and it was after our suggestion, in 1860, to Prof. Elderhorst,
that he introduced von Kobell’s “ Tables” into the second edition of his
“ Manual,” although he did not avail himself of our translation, which was
then offered to him for that purpose.

The “ Tables” as now presented are based on the tenth German edition
of von Kobell's book. Additions of new species have been made, and in
many cases fuller details are given in regard to old species, and the whole
material has been thrown into an entirely new shape, which it is believed
will greatly facilitate the work of the student. The preparation of the
Tables in this form, the idea of which was suggested to me by Prof. W.
T. RorrPER, has been performed, under my supervision, by my assistant
Mr. Georee W. Hawgs, who has also aided me greatly in revising the rest
of the work, and in the reading of the proof-sheets.

The main authorities used in the original preparation and later revision
of the chapters on Blowpipe Analysis were the works of BerzrLivs and
Prarrxer. The third and fourth editions of Plattner, the latter edited by
Prof. RiceTer, have been chiefly consulted. The complete work of
Plattner, with still later additions by Prof. Richter, has been made acces-
gible to English reading students through an excellent translation by Prof.
I1. B. CorxwaLL, and this cannot be too highly commended to those who
desire to become fully acquainted with this important subject.
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In Determinative Mineralogy, besides the works of von Kobell, free use
has been made of the treatises of Narmasy and Daxa, especially of the
pyrognostic characters contributed by myself to the latter work. This
constitutes, in accordance with the original plan of Professor Dana and
myself, the Determinative Part of his System of Mineralogy. It is pro-
pomwed at some future time to add to the volume methods for the deter-
mination of minerals by their physical characters.

In conclusion, I take great pleasure in acknowledging my indebtedness
to my colleague, Prof. 8. W. Jonxsoy, who has not only genervusly given
me his share in the original work, but bhas constantly aided me by his
advice in the revision here presented.

BHEFYIELD LABORATORY OF YALR COLLEGE,
Nzw Havix, December 15, 1874,




BLOWPIPE ANALYSIS.

Chapter 1.

APPARATUS AND REAGENTS.

THE MOUTH BLOWPIPE.

L Tais little instrument, for centuries employed only by artisans in soldering,
other operations requiring an intense heat, has more recently become an in-
ible means of scientific research.*

1t is now of the greatest service to the chemist and mineralogist, not only for
ecognition of minerals, and the detection of their ingredients, but even for the

tative separation of several metals from their ores.}

Ine blowpipe serves chiefly for ascertaining the general nature of a hody, by
aling some one or more of its ingredients; more rarely it helps to detect all
onstituents of a very complex compound, although in but few cases is it pos-

by its use alone to decide that besides the substances found in a body, no
are present.
1ne blowpipe enables us in a moment, with no other fuel than that furnished by
m lamp or candle, to produce a most intense heat. In the blowpipe tlame
7 are most refractory bodies (platinum) melted or volatilized, but the most
ate chemical effects (oxidation and reduction) may be produced. Almost all
il substances may be made to manifest some characteristic phenomena under
ntluence, either alone or in presence of certuin other substances (reagents),
beir nature may be thus surely and easily detected.
« The Common Blowpipe (Fig. 3) is a conical curved tube of brass, ter-
Z in an orifice as large as a small needle. This simple instrument, when
ructed, answers most ordinary purposes. If used a long time without
n, the moisture of the breath gathers in drops in the narrow part of
we, : . is finally projected into the flame.
. In the Chemical Blowpipe a chamber is fixed near the extremity of the
t which collects the condensed moisture. The most usual form of this

a brief history of the use of the blowpipe, see Berzelius’ work, translated by J. D.
7. Boston, 1845. A more complete history is found in Kopp's Geschichts der Chemde,
Braunschweig, 1844.
= Plattner's methods of assaying gold, silver, copper, lead, bismuth, tin, cobalt, nickel,
wes, with the help of the blowpipe, see his work cited in the prefaoe.
1



2 THE MOTUTII BLOWPIPE,

instrument is shown in Fig. 1 (half size), in which A represents the condenser.
admit of emptying this reservoir, it is connected with the tbes by the grx

joints b and ¢. The instrument is also furnished with
a movable jet, a section of which, in correct dimensions,
is shown at D. This admits of ready cleaning without
injury in case of stoppage. Berzelius recommends it
to be made from solid platinum, as it then may be
easily freed from the soot which is apt to collect upon
it, by igniting it in the flame of a spirit lamp, where-
by the impurities are burned away. Platinum jets
made of foil are too thin at the point, and are thus lia-
ble to be easily damaged.

Brass jets are very durable and inexpensive, and
may be cleaned, not indeed by heating, but by means
of a sharpened splinter of soft wood, which should be
introduced for that purpose at the larger end of the jet.

The internal form of the jet is not unimportant. The
best shape is that of the section seen in the figure; it
is such that the flame produced in using it is always
well defined and conical, even when the blast is strong-
est. The jets of the blow-pipe found at the instrument-
makers’ usually need enlarging at the orifice. This is
conveniently done with the help of a slender three-
edged drill, which may be readily made by grinding
down the sides of a large needle.

4. The instrument as shown in Fig. 1, without the
trumpet mouthpiece, is of the original form proposed
by Gahn, and employed by Berzelius. The beginner
is liable to be fatigued in using it, as it requires con-
siderable effort to keep the lips closed about the cylin-
drical tube for a long time. Plattner recommends the
mouthpicce shown in the figure. It is made of horn
or ivory, thirty-five millimetres in its outer diameter,
and particular care must be taken that it has the proper
curvature, 8o that in placing it against the lips it may
not give an unnecessary or unequal pressure.

A very good mouthpiece may be made from a piece
of glass tube, two inches long, and of just such diam-
eter as fits the blowpipe tube. I¢ is strongly and uni-
formly heated for half its length in the flame of a lawp,

g

E—

Fig. 1.

=

aud when quite soft is flattened between two smooth metallic surfaces, to
give it the form shown in Fig. 2. The other end is cemented into the
blowpipe by means of a little sealing wax. This kind of mouthpiece is
freo from the disagreenble taste of the brass, and when inserted between
the lips it displaces them but slightly from their customary position, and
causes them very little fatigue.

5. Tho blowpipe is usually made of brass, or preferably of German
silver. The length of the instrument should be measured by the visual
distance of the operator; from seven to nine inches is the ordinary length.

8. In Figs. 3 and 4 is shown how a common blowpipe may be mate-
rinlly improved with but little trouble. A blowpipe being selected that
gives a good flame, it is cut in two so that the wider part of the tube has

a length oqual to the visual distance of the operator. The narrow tube is then



BLOWING. 3

reversed, and tightly fitted into the wider end of the long tube by means of a
perforated cork, thus forming a reservoir for moisture, as seen at a in the figure.

7. Bunsen’s gas blowpipe, in which illuminating gas issues from a tubular
burner which surrounds the jet of the blowpipe, is sometimes convenient for
laboratory use,

BLOWING.

8. In blowpipe operations it is often necessary to maintain an uninterrupted
stream of air for several successive minutes. To be able to do this easily, requires
some practice. It is best learned by fully distending the cheeks and breathing
slowly through the nose for a time. When one is accustomed to keeping the

Fig. 8 Pig. 4. Pig. 5.

cheeks inflated, the mouthpiece of the blowpipe may be inserted between the lips,
and the same thing repeated without attempting to blow or do more than keep
the mouth full. Since the air now escapes through the blowpipe, the cheeks
gradually fall together and must be again distended, yet without interrupting the
outward current. This is accomplished by shutting off the communication be-
tween the mouth and the lungs by the palate, and inhaling through the nose.
From the lungs thus filled the mouth is from time to tiine supplied, yet without
any effort on the part of the muscles of the breast. A few hours’ practice generally

+ suffices to acquire the art of blowing. Beginners should keep in mind that the
stream of air requires scarcely more force to produce it than results from the
natural tendency of the inflated cheeks to collapse.



4 BLOWPIPE LAMPS AND FCUEL.

The lips should not be closed too firmly about the mouthpiece, else they are
lpeedil‘y fatigned. To the experienced operator continuous blowing is hardly an
effort.

THE FUEL.

9. When more convenient material is not at hand, stearine candles of good
uality will answer for most purposes. Paraffine candles give a higher heat, but
&ey soften in warm weather, and melt, and run down inconveniently. The
common tallow candle may often suffice in an emergency, but requires constant

snuffing.

Ng. 6 (6 sise) L 6 (o eise.)

10. A better fuel is olive or rape-seed oil burned in a lamp having a single cir-
cular wick rather more than a quarter of an inch in diameter, if the wick tube
and lamp be 80 arranged that the charcoal and other supports used in blowpipe ex-
periments can be brought close under the deflected flame.  Fig. 5 represents the
form of the blowpipe lamp proposed by Berzeliug, and improved by Plattner. It
is adapted for a portable blowpipe apparatus, since it is free from leakage, and
capable of packing into a small space. The cistern A is of tinned sheet iron, and
the wick tube and filling ovifice are closed by screw caps.

11. The mosat convenient combustible is illuminating gus. A burner of the fo
given in Fig. 6 is used. It is about four inches high ; the tube is flattened at tne
top and mde a trifle lower on the left side, so that the blowpipe flame may be
turned downward when necessary. A cock in the tube at the foot is useful. Such
a lamp has the advantage of dispensing with all trimming and other inconvenien-
ces attendant on the use of an oil lamp.  The ordinary Bunsen gas-buruer (Fig.
7) is often provided with an extra tube to slip over the small gas jet in the in-

® Luca has described a blowpipe intended to maintain a steady stream of air with inter-
mittent blowing. but this and «ther contrivances are unnecemsary when the student has saf-
ficient enterprine and patience to learn to blow the ordinary instrumenta, and no others v
be likely to make much progress in blowpipe analysis.
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terior of the burner, in such a manner as to shut off the access of the air ; the gas
is then burned from the upper end, which is shaped as in the figure. The only
objection to this lamp is, it is & little too high, although it may answer for all or-
dinary purposes. :

A simpler blowpipe gas lamp may be easily made by selecting an iron or brass
tube, eight inches in length, and three-eighths of an inch in bore, bending it at a
right angle at the middle, and passing it through s block, properly cut, or placing
it in a mould, which is then filled with melted lead. The top of the tube is then
flattened, and the proper inclination given to the orifice by filing. Fig. 8 shows a
lamp thus constructed.

THE BLOWPIPE FLAME.

12. When an ordinary lamp or candle is lighted, the combustion takes place
only upon the outer limits of the flame, but if a stream of air is blown into the
flame the combustion is transferred to the
interior, is thus rendered more complete, and
the flame is condensed. It is to these causes
that the very intense heat of the blowpipe
flame is due.

When the beginner is able to maintain a
steady blast for some minutes together, he
may attempt the production and management
of the blowpipe flame. The operator being
eosily seated at the table, his arm resting
upon its edge, the blowpipe is lightly grasped
near the water chamber, between the thumb
and first and second fingers of the right hand,
and its jet brought to the edge of the flame,
just above the wick or tube. The blowing
should be regulated so as to produce a steady
flame, which will be regular and conical if
the jet be well shaped.

In Fig. 9 a common candle flame is repre-
sented, in which a light-blue segment, bound-
ed by the line a ¢, and disappearing as the

me ascends, is seen at the base. The dark core of the flame f is surrounded by

illuminating portion @ b ¢, and the thin, scarcely visible envelo, e a ¢ ¢ forms
outer coat of the flame.

13. Reducing Flame. While the candle is burning the stearine is slowly

:d, sucked up by the wick, and vaporized. These vapors unite with the oxygen
ot we air and burn, upon the outer limits of the flame forming the hot coat a ¢ ¢
of carb ic acid and vapor of water. As the oxygen reaches no farther into the

ti . the line abec, the vapors inside this line are intensely heated out of the

cn  or the air, and any metallic oxide introduced into this yellow segment will,

' not, tend to part with its oxygen to the carbon and hydrocarbons of the

me. This is called the Reducing Flame (R. F.). To produce it with the blow-

, the whole of the flame is deflected by a gentle blast, so regulated that it main-

wuns its yellow color, and is luminous as before. The blowpipe is placed outside

the flame, as shown in Fig. 10. The flame must not deposit soot upon the sub-

ace under trial, and only the extremity of the luminous part should be applied
% a8 to envelop the assay.

Fig. 8. () size.)
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14. Oxidizing Flame (Fig. 11). When the jet is carried somewhat into
the flame, and the blast is a little stronger, the carbon is more completely con-
sumed ; the inner blue cone, corresponding to the part a ¢ of the candle flame,
becomes sharply defined, and is surrounded by a unearly colorless envelope, corre-
sponding to the mautle a ¢ ¢, at the extremity of which metals may be intensely

rg. 9. Pig. 10. Fig. 11.

heated in contact with air, and will thus be rapidly oxidized. This is called the
Oxidizing Flame (0. F.). The aassay should be held as far beyond the blue
point of the flame aa is consistent with the temperature requisite for the maost
rapid oxidation, and the flame should be so managed that no luminous streuks
are seen in it. A flat wick serves best for its production. The heat is maost
intense at the point of the blue cone, and this is accordingly used for testing
the fusibility of minerals and other substances, without reference to chemical
action.

SUPPORTS.

In blowpipe examinations the assay is supported by certain substances which
are cither infusible, or have the power of sustaining a high heat without changing
their form.

15. Charcoal is used in many operations as a support for the assay. For
most purposes any piece of well-burned charcoal that does not snap or become
fiwsured in the flame will suffice.  The softer kinds of wowd yield the most suitable
materin]l. That made from bass-wood (linden) is the best ; pine and willow char-
coal arv also excollent. For use it is conveniently sawn into parallelopipedons,

N\
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v faces ome or two inches in width, and three to six inches in length. The
- is beat placed on the flat, smooth surface, at right angles to the rings of
It can be repeatedly used, the clean surface being renewed by scraping
with a knife or file.
18. Cavities for the reception of the substance to be heated on charcoal may
be made with the point of a knife. For some purposes, cavities may be made
re nicely by means of a tube of stout tin plate, the edges of which are sharpened.
1 tube is made conical, has a length of three inches, its diameter at one end is
toree-eighths, at the other five-eighths, of an inch. The end of this is applied to the
surface of the coal at a considerable inclination, and the tube is revolved with a
scooping motion. The excavation should be made near the edge of the charcoal,
should be cup-shaped, rather shallow, quite smooth, and regular.
17. Platinum Wire is used for supporting beads of fused borax or other flux
the flame. The kind designated as No. 27 (or jeweller’s hole 12}), is the
. It is cut into pieces three inches long, and a loop made in the end. When
use the hooked ends should be plunged into a little bottle containing dilute
wric acid, which dissolves away the matters that have been fused on them.
+ use they should be rinsed with water and thoroughly cleaned.
. » Platinum Spoon. For a few operations a small platinum spoon of the
fo  shown in Fig. 12, may be usefully employed. A cork or wooden handle
be adapted to it. A rectangular slip of platinum foil, which is used also for
o r ] poses, may be made to answer for the spoon by bending up its corners
ho ing it in the platinum forceps.

¥

Fig. 12. () size.)

inum Forceps. For igniting fragments of minerals, forceps tipped

mum are indispensable. Fig. 13 represents the usual form. They are

oI ! or German silver. The points are opened by pressure. The free

o y ve used a8 an ordinary forceps for picking up small fragments of
etc.; or if of steel, for detaching pieces of specimens. Fig. 14 shows a

— e

Fig. 18,
el
b
Fig. 14.

apler form of this instrument, which any jeweller can easily construct. A piece
@ highly elastic brass wire, No. 12, is the best material for the tongs. The plati-
m dips a are readily hammered out from a piece of stout wire ar cut from a
pmate, and are riveted or, better, soldered to the brass wire with silver solder.
The bend at b is intended to prevent the points from touching the table. The for-
must be slender in order not to conduct away too much heat from the assay.

20. Glass Tubes. Tubes of hard glass, free from lead, {4 to } inch in di-
and four to six inches long, are indispensable. They serve for the ignition
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of bodies in a current of air, the rapidity of which may be regulated by wi
the inclination of the tube, The substauce under trial 13 placed in the tube avout

Fig. 18.

an inch from the end, the tube is then held nearly horizontally, either in the flame
of the lamp or of the blowpipe. The falling out of the body may be hindered by
bending the tube slightly one inch from one end. The body is then placed at the
bend as shown in Fig. 15, and the proper inclination given to the tube; but for
mosat uses straight tubes are quite as good. For each new operation a clean tabe
must be employed. The tube usually cracks when used a second time, and should
therefore be cut off at the place where a body has been ignited. Tubes are
easily cleaned by wiping them out with a siip of soft paper rolled around some
slender cylinder haviug a rough surface to hold the paper. A small rat-tail file is
oxcellent for this use.

2L Closed Tubes and Glass Bulb Tubes (matrasses; Fig. 16) serve
for heating bodies out of contact, or with but limited access of air. They are
easily mude, especially the form B, which answers nearly every purpose, from the
pieces which have become too short to be used as open tubes, or by heating a tube
aix inches long in the middle and drawing it into two parts.

ACCESSORY APPARATUS.

22. An Agate Mortar with pestle (Fig. 17) is used for reducing minerals to
a fine powder. It should be from two to three inches in diameter, und should be
used only for grinding, never for pounding, hard bodies.

A B

Fig. 16 Fig. 17,

23. A Diamond Mortar (Fig. 18) made of cast steel and well tempered, is
nsed for brenking up and reducing to a tolerably fine powder hard and refractory
bodies.  The fragments to be broken are placed in the bottom of the cavity ; the
closely fitting pestle is also placed in the hole, and is sharply struck with a small
hammer.  Minerals are thus prepared for finer pulverization in the agate mortar ;
but the same thing may be accomplished by wrapping the assay in several folds
of paper, placing it upon an anvil and striking it. .
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24. Hammer. A small steel hammer such as is used by jewellers.

25. Anvil. A small parallelopipedon of hardened steel, or any convenient flat
surface of steel.

26. Pliers. Cutting pliers (Fig. 19) are useful for detaching fraginents from
mineral specimens,

27. File. A small three-cornered file is used for cutting glass tubes. A notch is
cut in one side of the tube, which is then half pulled, half broken in two.

28. Magnet. A common steel magnet, or a maguetized knife blade, scrves Lo
recognize magnetic bodies; a maguetic needle is sometimes useful for delicate de-
terminations.

29. Lens. A magnifying glass composed of two convex lenses.

30. Watch-glasses from one to two and a half inches in diameter serve for
various purposes.

3L. Test-Tubes of hard glass with a suitable stand.

32. Funnels of glass one and a half to two inches in diameter.

33. Porcelain Dishes. Those with handles, called casseroles (Fig. 20), are
most convenient. They are used for boiling liquids and for evaporations.

Fig. 19. () smize.) Fig. 20. (3¢ size.) . Fig. 2L, (% size.)

34. A Wash-Bottle (Fig. 21), made from a small flask, or any bottle having
a mouth wide enough to receive the cork through which the tubes are passed.

35. Glass Rods, three to six inches long, rounded at each end, are used for
stirrers.

36. Filters. Suitable paper is cut into circular pieces, the radius of which
should be a half inch less than the side of .the funnel in which it is to be placed.
It is twice folded upon itself, thus forming a quadrant ; this is opened so as to form
a conical cup, having three thicknesses of paper on one of its sides, and one on the
other. It is snugly inserted into a funnel, and moistened from the wash-bottle
Jjust previous to use.

The list of appliances for blowpipe analysis may be indefinitely increased, but the
simplicity of a blowpipe outfit, in rendering it non-expensive and portable, is
very desirable. A little ingenuity will supply the place of much apparatus.

BLOWPIPE REAGENTS.

The substances employed to produce chemical changes in bodies for their recog-
nition are termed reagents. The quantities needed are so swall that it is usually



10 BLOWPIPE REAGENTS.

advisable to purchase most of them ; but as it is often difficult to procure reageats
of proper quality, simple directions for preparing some of them, and for testing
their purity, are here given.

37. Carbonate of Soda; or Soda, in blowpipe language. Either neutn
carbonate or bicarbonate may be used. To prepare it, take four or five ounces
commercial bicarbonate of soda, free from mechanical impurities, place it in a
porcelain mortar, add a little distilled water, and pulverize finely. Biing it upom
a large filter in a glass funnel, and allow the water to drain off. Succesxive »d
ditions of water, in quantities of about one ounce, are made, until a few dropa of th
drainingy, caught in a clean test-tube, and acidiied with nitric acid, give no
cipitate, nor even the faintest turbidity with a drop of clear solution of chlorid
of barium. The washing often requires several days, and is sometimes not o
plete before half of the salt has been washed away. It is thus freed from sulpas
ric acid, which contaminates the commercial sait. - Soda that is purchased
pure should be tested for sulphur and sulphuric acid, as described in 143, befor
trusting its purity. The salt as thus prepared is spread out upon paper !
allowed to dry. Part of it may be bottled while moist, and used in that |
but a part must be dried at a high heat, in order to expel all water. It is u
pulverized and put away for use.

38. Biborate of Soda. Borax. The commercial ralt is usually pure end
Clean crystals are selected, and coarsely pulverized. For some tests, fused bho
is required.  To obtain thix, some of the commercial salt is melted in a platines
dish, and when cool placed in a tightly stoppered bottle.

39. Phosphate of Soda and Ammonia. Salt of Phosphorus. M
cosmic Salt. The very small quantity of this subatance (1 oz.) needed tor:
great number of trials is best purchased. It may be prepared by dissolvii
two parts of boiling water six parts of crystallized phosphate of sodu, ana wix
part (all the parts by weight) of white and clean sal-ammoniac, and immediately
filtering while still boiling hot.  The crystals that separate on cooling are free
from the chloride of sodium that adher®s to them by recrystallization.  Zeating.—
It must fuse on platinum wire to a colorless, perfectly transparent globule ; ani
when oxide of copper is added, and it is again heated, it must not tinge the flasu
with a blue or green color.

40. Nitrate of Cobalt. Cobalt Solution. The crystals of nitrate are
solved in ten parts of water, and filtered if necessary. For use the cobult so

is most conveniently kept in bulbs

B to those represented in half size, in b 1z
A The bulb A is easily made from a ot a
glass tube,  In order to fill such a bulb &

is gently heated, and the tip placed bene
the surfuce of a solution of nitrate of coban

in a shallow dish. When a drop of the aa
tion has entered it is again heated, the drop
is converted into steam, the tip is agais
immersed, and the solution will almost in
stantly rush into the bulb. It should no
be more than two-thirds filled. To apph
Pig. 0. the solution, the bulb is grasped gently i
the palm of the hand, and inverted, wher

the expansion of the air shortly forces out a drop or more, as in required,

41. Nitrate of Potash. Clean crystals of the commercial sult are powdered

42. Bisulphate of Potash. Equal weights of clean nitrute of potash and oil
of vitriol ure heated together in a porcelain dish, gently at first, afterwards w
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strongly, till the nitric acid and excess of sulphuric acid are driven off and a clear
liquid remains which solidifies to an opaque mass on cooling. The salt thus ob-
tained is pulverized, and preserved in a glass-stoppered bottle. It can also be pre-
pared by heating pure sulphate of potash with an excess of sulphuric acid, until
excess is driven away and the mass solidifies on cooling.
Cyanide ot Potassium. In nearly every case this reagent can be dis-
with, by one who has perfect command of the blowpipe, its only use being
iitate difficult reductions. It can be procured of any photographer or drug-

Iodide of Potassium. The clean crystals purchased of any druggist.

» Sulphur. Flowers of sulphur.

. Tin. Strips of pure tin-foil a half an inch wide and one inch long.

.. Zine. Strips of common sheet zine.

. Lead. Pure lead, for detecting gold and silver by cupellation, is prepared

lving acetate of luad (sugar of lead) in hot water, filtering, and inserting

ps o1 clean zinc into dhe solution. After five to six hours the precipitated lead

d be scraped from the zinc in order to expose a fresh surface. When the

is all separated, it is washed thoroughly with water, then dried by pressing

ovevwuen folds of blotting paper, and finally by exposure to a gentle warmth.

49. Iron. Clean wire of the thickness of a medium-sized sewing-needle. Ilron
in a fine state of subdivision is used for reductions in the wet way.

50. #Magnesium. Bits of foil or wire are useful in detecting phosphoric acid.

8L | lver. A smooth silver coin, which nrust be freshly cleaned at the time

See detection of sulphur, 145.

. asOne-Ash. A little cup of bone ashes, called a cupel, is used for the de-
m of silver and gold. Bones burned to whiteness are finely pulverized and
red for these purposes.

Oxide of Copper. A copper cent is dissolved in nitric acid, the solu-
18 evaporated to dryness, and the dry wmass gradually heated to redness in a
lain dish.
t. Fluoride of Calcium. Pure fluor-spar is crushed and heated in a test
until decrepitation ceases; it is then finely pulverized.

23J. Oxalate of Nickel. The pure salt is best purchased, and when fused

borax before the blowpipe, must give a brown and not a blue glass.
». Test Papers. A. Blue Litmus Papers.—Digest one part of the litmus of
rce with six parts of water, and filter the solution; divide the intensely
nltrate into two equal parts; saturate the free alkali in the one part by re-
edly stirring with a glass rod dipped in very dilute sulphuric acid, until the
eoior of the fluid just appears red; add now the other part of the blue filtrate,
pour the whole fluid into a dish, and draw strips of fine unsized paper through it:
pend these strips over threads, and leave them to dry. When dry, the paper
uld have a fine blue color, and may be cut in narrow strips and kept in a tight
. 'The moistened paper should be promptly reddened by the smallest trace of
1 and is used for their detection. When the litmus paper is reddened by a

+  r1eeble acid, it may be used for the detection of alkalies.

. Turmeric Paper.— Digest one part of bruised turmeric root with six parts
of weak spirits of wine, filter the tincture obtained, and steep slips of fine paper
in the filtrate.  The dried slips must exhibit a fine yellow tint. It is turned
brown by alkalies, and serves also in the recognition of boric acid, molybdic
acid, and zirconia.

C. Brazil-wood Paper.—Brazil-wood is boiled with water, the liquid filtered,

paper saturated with it and dried. It is used for detecting fluorine, which
gt a yellow color; it also serves to recognize alkalies, which color it violet.
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WET REAGENTS.

57. Water. Whenever water is used in analytical operations it should be
either distilled water, or clean rain water.

58. Hydrochloric Acid. Muriatic Acid. The strong commercial acid
will answer for most purposes, but it is also advisable to have some of the pure
fuming acid which on evaporation leaves no residue and when diluted with water
gives no milkiness on the addition of chloride of barium.

59. Sulphuric Acid concentrated, (ordinary oil of vitriol).

60. Nitric Acid, pure. It must leave no residue upon evaporation, nor
give any turbidity with nitrate of silver.

6l. Phosphoric Acid. The officinal concentrated solution.

62. Ammonia. It must be colorless, should leave no residue when evap-
orated on a watch-glass, nor should it cause the slightest turbidity in lime-water.

63. Carbonate of Ammonia. One part of the commercial salt is dissolved
in four parts of water, to which one part of solution of caustic ammonia has been
added.

64. Chloride of Ammonium. Select sublimed white sal-ammoniac of com-
merce. If it contains iron or other impurities it is dissolved in hot water, and
set:_t aside to recrystallize. The dried crystals are dissolved for use in eight parta
of water.

65. Phosphate of Soda. Purify the salt of commerce by recrystallization,
and dissolve one part of the pure salt in ten parts of water.

66. Oxalate of Ammonia. Dissolve commercial oxalic acid, which has been
purified by recrystallization, in two parts of hot water; add caustic ammonia, or
carbonate of ammonia, until the fluid begins to manifest a slight alkaline reaction ;
filter, and set aside to cool. The crystals that separate are allowed to drain, and
the mother liquors are further evaporated to crystallization. Purify by recrys-
tallization. Dissolve one part of the pure salt in twenty-four parts of water.

67. Potassa. Dissolve some sticks of caustic potassa in water, allow to stand,
and separate the clear solution from the sediment by decantation.

68. Chloride of Barium. This salt may be purchased of any druggist. For
use it i3 dissolved in ten parts of water.

69. Nitrate of Silver. May be procured in crystals from any druggist or
photographer. .

70. Bichloride of Platinum. Treat platinum filings (purified by boiling
with nitric acid) with concentrated hydrochloric acid and some nitric acid, and
apply a very gentle heat, adding occasionalty fresh portions of nitric acid, until
the platinum is completely dissolved. Evaporate the solution to dryness on a
water bath, with addition of hydrochloric acid, and dissolve the residue in tem
parts of water for use. It is used for detecting potassa in the presence of sods
and lithia. :

T71. Molybdate of Ammonia. Pulverize the sulphide of molybdenum as
finely as possible, and roast it in a shallow sheet-iron or earthen dish, at a low red
heat, until it turns yellow, and becomes converted into molybdic acid. Tt is then
digested with ammonia, which extracts the molybdic acid ; the solution is filtered,
evaporated to dryness, and the molybdate of ammonia which is left is dissolved
in water acidulated with nitric acid and kept for use.

All the reagents of a well-appointed laboratory may be of occasional service in
the qualitative analysis of minerals, but reagents other than the above will be but
rarely needed by the student in blowpipe analysis.



Chapter 9.

SYSTEMATIC COURSE OF QUALITATIVE BLOWPIPE
ANALYSIS.

72. THE student being provided with the necessary materials, and having
acquired some skill in producing the oxidizing and reducing flames, is prepared to
consider the various effects that may be produced with the blow-pipe. These re-
actions are classified, according to the apparatus and reagents that are used, under
the eight following heads, as recommended by Plattner:

A.—Heating in the closed tube.

B.—Heating in the open tube.

C.—Heating on charcoal.

D.—Heating in the platinum forceps to test fusibility, and to observe the
coloration of the flame.

E.—Treatment with cobalt solution.

F.—Fusion with borax.

G.—Fusion with salt of phosphorus.

H.—Treatment with carbonate of soda.

Under each of the above divisions is given, first, the method of experimenting,
and, second, in tabular arrangement, the phenomena or reactions produced,
which are characteristic of the substances usually subjected to blowpipe examina-
tion. The heginner should not attempt at first to work with bodies of unknown
composition, but should provide himself with some substances which are well cal-
culated to illustrate the reactions indicated.

The blowpipe lamp is placed upon a sheet of stout clean paper, so that the assay
accidentally falling may not be lost. 'Whenever a new substance is taken for ex-
periment, all fragments of the old should be shaken off.

The assay must not be too large; in most cases the bulk of a mustard seed is
enough, in the practised hand. Beginners may use a larger quantity, but as the
student progresses he should aim to reduce the size of his assays to the least
amount consistent with a perfect experiment, since he will be often called upon to
determine minerals upon minute fragments.

The closest observation will often be necessary for the detection of the reaction,
and the success of the student is greatly dependent upon the accuracy of discrim-
ination, quick comprehension, and careful manipulation which is acquired in these
preliminary examinations.

A.—HEATING IN THE CLOSED TUBE.

13. The body, in fragments the size of a grain of wheat, or an equivalent
bulk of it, if it be in form of a powder, is placed in the bottom of a tube closed at
one end ; the tube is held nearly horizontal, and heated over the spirit or gas lamp,
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very gently at first, and finally, if needful to intense ignition, with the aid of
blowpipe, and the successive phenomena are carefully watched as they appear.

Powdered substances must be 8o introduced into the tube as not to soil 1ts sic
this is accomplished by placing the powder on a narrow slip of writing paper |
viously folded lengthwise in the form of a trough. The tube is held horizou
and the paper trough is inserted to its bottom; the whole is now brought int
vertical position, and the paper is carefully withdrawn.

The phenomena can nearly all be produced in the simple closed tube (Fig. 16
and for most purposes this form is better than the bulb tube, since the objec
these experiments is to heat the body out of contact with the air, and to prod
changes among its constituents without the interposition of any reagents.

The following phenomena may be observed: *

1. Decrepitation—Fluorite, Barite, and many other minerals.

2. Glowing—Gadolinite, etc.

3. Phosphorescence—Fluorite, Willemite, etec.

4. Change of color. The most important are here tabulated.

. COLOR COLOR
ORIGINAL COLOR. | i o IGNITED. AFTER COOLING. SUBSTANCE.
White to yellow. Brown. Yellow. Binoxide of tin.
White. Yellow. White. Oxide of zinc and many o!
salts.
White. Yellow, Yellow. Hydrated oxide, carbon
and other nalts of lead.
Blue or green. Black. Black. Hydrated oxide. carbon
and other nalts of coppu
White, Dark yellow. Light yellow. Hydrated oxide. cartwwu
and many salts of bism:
White. Brown. Brown. Hydrated oxide, carbog
and many xalts of cadmi
Yellow or red. Deeper color. | Original color if Most chromates.
gently heated ; green
Af strongly heated.
1
Red. ' Black. Red. Sesquioxide of iron.

5. Fusion—Stibnite, Nitre, and other bodies.
6. Give off oxygen—Binoxide of Manganese, Oxide of Mercury, ete.
by placing a bit of chavcoal in the tube, upon the assay.

then the assay, and the charcoal will glow.
7. Become carbonized, and give a burnt odor—Amber and many organic e

Ter
Heat the charcoal &

pounds. If acid veaction, non-nitrogenous; if alkaline, nitrogenous body.
& Give off water—All hydrates.
9. Give acid vapors—Hydrates with volatile acids. Tested by placing a b
litwmus paper in the end of the tube. If the glass is etched, Fluorine.
10. Give alkaline vapors—Ammonia Salts. Tested with a piece of turme
aper.
r ll 1. Give sublimates which condense on the cold part of the tube.

® For experiments illustrating the effects to be produced in the closed tube, the follow
rabstances are given : Fluorite, Gadolinite, Oxide of Zinc, Stibnite, Oxide of Mercury, 4
ber, Serpentine, Nitrate of Ammonia, Pyrite, Realgar, Arsenopyrite, Selenium, Amalg
Cinnabar, 8pathic Iron.
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A yellow sublimate. from decomposition of a

Either originally free, or
SuLPHUR.
} i sulphide.
A sublimate, dark brown-
almost black ®hen hot,
red or reddish yellow when

SULPH!DE Realgar and Orpiment,

Ansxmc and other Sulph-arsenides.

Iu strong heat, a sublimate
»sits near the assay, which
ack when hot, and brown-
when cold.

OXYSULPHIDE
OF
ANTIMONY.

Sulphide of Antimony
and its compounds, with
other metallic sulplhides.

imate, and odor of decaying
e-ra.dxsh at open end of

Condenses in small drops,

1 metallic lustre. Various Tellurides.

TELLURIUM.

Native Arsenic and
many Arsenides.

A black,- brilliant subli- ARSENIC.
e, and garlic odor.

. A gray sublimate, con-
ng (use lens) of metallic
sales, which may be united
rubbing with a feather.

MERCURY. Amalgams.

{
{
{
{
{

. A black, lustreless subli-

e, red when rubbed. OF minerals containing both

MERCURY. Mercury and Sulphur.

}
3
)
|
|
|
;

SuLPHIDE { Cinnabar, Vermilion,

1. Perchloride of Mercury.

2. Chloride of Lead ; fuses to a yellow liquid,
. The body fuses,and yields | partially sublimes, and becomes opaque and
sublimate, which is white » white on cooling.

en cold. 3. Antimonous Acid; fuses to yellow drops,
and if air be excluded deposits in brilliant
needles.

1. Salts of Ammonia.

. The body does mot fuse, 2. Arsenous Acid ; easily sublimes and con-
gives a sublimate, which is } denses in octahedral crystals (lens).

ite when cold. 3. Protochloride of Mercury ; sublimate is
J yellow when hot.

. The residue is magnetic—Spathic Iron, Pyrites, etc.
~}wre are some other reactions more rarely observed, particularly in the study
ninerals. Osmic acid forms a sublimate of white drops, which possess a disa-
eable odor. Cyanogen, when liberated, is recognized by its peculiar odor.
ine volatilizes in beautiful violet fumes, From some of its alloys Cadmium
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volatilizes and condenses as a black metallic sublimate. Sulphurous acid is giw
off by sulphides in an amount proportionate to the oxygen which surrounds the
assay, but the place for its observation is in the open tube.

B.—HEATING IN THE OPEN TUBE.

14, This is essentially a roasting or oxidizing process. The substance is placed
in a glass tube open at both ends, at a distance of about one inch from the end,
at which point & bend is sometimes made (see Fig. 15); but for most operations a
straight tube is preferable. The heat should be gentle at first and only gradually
raised, otherwise some bodies may volatilize without oxidizing, and give the same
sublimate as when heated in a closed tube. By changing the inclination of the tube,
the current of air through it may be increased or diminished, and the oxidation
made to proceed more or less rapidly. Not too much of the substance must be
taken, and if satisfactory reactions be not obtained from a fragment, it should
be pulverized. Bodies which decrepitate and lose volatile ingredients by heating
in & closed tube, must be finely pulverized at the outset, and introduced into the
tube by means of a paper trough.

A slip of moistened litmus paper should always be placed in the upper end of
the tube when experimenting on an unknown substance, and when vapors begin
to arise, attention should be given to their odor, and to the sublimates which con-
dense on the inner surface of the tube. Many of the phenomena encountered in
this trial are identical with those obtained in the closed tube. Only such as are
peculiar or characteristic are here noticed.*

1. Odors.—a. Sulphurand sulphides in the open tube form sulphurous acid, giv-
ing the odor of burning sulphur, and reddening moistened blue litmus paper. When
a reaction is not developed by heating a fragment, the powder must be employed.

b. Odor of decaying horse-radish. — Selenium. Mostly sublimes,

¢. Odor of garlic.—.14rsenic. Mostly sublimes.

2. Sublimates.—Carefully compare last section in case they are not noticed be-
low. The sublimate itself should be heated to ascertain if it be volatile or fusible.

a. White, crystalline (octahedral), volatile} ARSENOUS {}[etallw Arsenic

" sublimate ; formed easily at moderate heat. Acip. and wany Aree-

nides.

b. White, thin sublimate, crystalline nearest
the assay; fusible to droplets; yellowish when
hot, nearly colorless when cold. When the R.
F. is directed upon it within the tube, it be-
comes blue, or even copper-red from reduction.

Molybdiec Acid
and Sulphide
of Molybdenum.

MovryBpic
Acip.

volatile white sublimate, depositing on the upper
side of the tube; afterward in most cases a
white, non-volatile and infusible sublimate
gathering on the under side of the tube.

and
ANTIMONIC
Acips,

Most compounds
of

¢. Dense white smoke, and at first a mostly ANTINONOUS {
L Antimony.

d. White smoke, and non-volatile fusible ) SULPHATE oF Sulphids of
sublimate depositing on the under side of tube. LEab. Lead.

* Substances serving to illustrate the reactions of the open tube : Pyrite, Blende, Seleniwum_
Arsenopyrite, Molybdenite, Stibnite, Galenite, Bismuth, Tellurium, Cinnabar.
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e. Fusible sublimate, dark brown when hot,]) OxIDE oF Most compounds
lemon yellow when cold. Bisuurn. of DBismuth.

J- A gray sublimate, fusible to colorless ) TEeLLUROUS
drops that solidify on coolmg Acip.

g- A steel-gray sublimate, the upper edge of
which appears red, and sometimes fringed with { o ) Selenium  and
small white very volatile crystals of selenous many Selenides.
acid.

h. A bright metallic sublimate, that can be
gathered into a drop by sweeping it together MERCURY.
with a splinter of wood or a feather.

3. Residues.—Compare table of changes in color, 73. 4.

Native Telluri-
um and many

Tellurides.

Cinnabar, and
compounds con-
taining sulphide
of mercury.

C.—HEATING ON CHARCOAL.

T75. A small quantity of the substance is placed in a shallow cavity on char-
coal, which is so situated that the flame of the blowpipe can be directed downward
upon it, and its behavior in both flames observed.

A fragment may be used, or if the substance is in the form of powder, or on
account of decrepitation must be reduced to powder, it may be mixed with water
to a paste and placed on the coal, and heated at first gradually, afterward, when
dry, to full ignition.

Much trouble is sometimes experienced in keeping the assay in its place suffi-
ciently long to observe its behavior fully, especially when it is infusible or diffi-
cultly volatile. In such cases borax may often be employed to advantage in the
following manner: The assay is held in the forceps, heated to redness, and then
touched to a little grain of borax. The borax melts, and attaches itself to the
body, which is now laid in the cavity so that the borax is in contact with tho
charcoal, and is carefully heated with the blowpipe; it usually adheres without
further trouble.

In the following tables are given the characteristic phenomena that belong to
this section.

1. Odors should be observed immediately after a short exposure to heat.
Traces of sulphur, selentum, and arsenic are more surely detected by their odor on
charcoal, than in an open tube.

a. Odor of burning sulphur.— Sulphur and sulphides. Best observed in O. F.

b. Odor of decaying horse-radish.— Selenium and selenides. Treat in O. F.

¢c. Odor of garlic.—Arsenic and its compounds. Traces are most surely recog-

nized after momentary exposure of the assay to the R. F.

2. Deflagration.—Nitrates, chlorates, iodutes, bromates.

3. The body fuses and is absorbed by the charcoal.—The fixed alkalies and many
of their salts; also hydrates of baryta and strontia, and after very long heating
their carbonates and sulphates.

4. A white mfunbla residue remains, it may be after premous fuswn, which :

a. Glows brightly in O. F., mdlcatmg lime, strontia, magnesia, zirconia, zinc, and

tin.

b. After ignition turns moist turmeric paper brown. Baryts, strontia, lime,

magnesia.

c. Commumc;tes a characteristic color to the flame. See page 20,
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HEATING IN THE PLATINUM-POINTED FORCEPS. 19

5. Sublimates or Coatings.—The volatile metals and some of their compounds
give B. B. on charcoal, more or less characteristic deposits or sublimates. These
coat the charcoal at a greater or less distance from the assay, and it must be
observed what color they possess both when hot and cold, as well as whether they
disappear in the O. F. and R. F., and thereby color the flame.

These sublimates, which are mostly deposited on the unheated charcoal, are not
to be confounded with the ash (usually white), which remains as a thin coating
where the coal itself has been exposed to the blowpipe flame.

Compounds of some of the metals must be heated in the R. F. They are then
reduced to the metallic state, volatilized, and issuing from the flame are instantly
reoxidized and deposited as a coating.

The characters given in the tables belong to the unmixed bodies. Their detec-
tion is often difficult when they occur together, and not always certain, even to the
experienced operator.

a—m (inclusive). See table on page 18.

n. The sulphides (sulphates which in R. F. on charcoal become sulphides), c/lo-
rules, lodides, bromides of potassium, sodium, rubidium, and cesium give B. B. white
7 inates, the similar compounds of lithium grayish white, less copious sublimates,

18 themselves fusing and being absorbed by the charconl. These sublimates
v uze in R. F., thereby tinging the flame with the color characteristic to these
n  tals: viz., potassium, rubidium, ca:sium, violet ; sodium, yellow ; lithium,
parple.

o. The chlorides of ammonium and antimony, and subchloride of mercury, vol-
wtilize without. fusing, and yield white sublimates, which disappear in R. F. without
wloring the flume. .

p. Choride of copper fuses and tinges the flame intense azure blue. By long

ting it partly volatilizes in white fumes, that smell of chlorine, and coat the

wal with three differently colored sublimates, of which the interior is dark
fnay, the middle is dark yellow to brown, and the outer is bluish white. In R. F.
ke sublimate volatilizes, tinging the flame blue.

D.—HEATING IN THE PLATINUM-POINTED FORCEPS.

Coloration of the Flame.

6. Several bodies may be recognized by the colors they communicate to the
Howpipe flame.

When the substance admits, a thin fragment may be held in the c/ean platinum
breeps, and its point brought into the edge of the blue flame just within its

L

_ When the body fuses so readily that it cannot be supported in the forceps, or
i it attacks platinum, it must be laid in a very shallow cavity made on a narrow
¢ of charcoal, and held in such a manner that the flame may be thrown
it
it the assay is infusible and decrepitates, or cannot be had in fragments, its
powder is moistened to a paste with pure water (not with saliva) and spread upon
the coul; it is first dried by a gentle heat and afterwards strongly ignited. Usually
beoherent cake is thus obtained, which, with care, may be lifted in the forceps and
i edge subjected to the lame. If a small fragment of & decrepitating mineral is
in the forceps, and the forceps inserted into the flame in such a manner as
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to strongly heat their points before the mineral is heated, it may then be s
drawn into the flame, uniformly heated, and thus often be saved.

The trial often succeeds best when the loop of a platinum wire is moistened
distilled water, touched to the powder of the asasay, and then carefully heate
if the body is easily fusible the wire may be ignited and brought rapidly in
tact with it. Enough will adhere to observe if any coloration be given. E:
the substance attacks or alloys with the platinum, this method i1s to be r
mended ; it is then only needful to cut off the injured part of the wire.

The utmost care must be taken that no foreign matters interfere with tl
servation. The forceps, charcoal, or wire must be chemically clean, and mu
alter the color of the flame when heated alone therein. If the assuy is to h
verized, the mortar and pestle must be thoroughly washed beforehand. ]
may be cleaned by dipping it in hydrochloric acid, or heating it therewn
test tube, until apparently clean,and then rinsing it with distilled water.
by drawing a wire through the fingers, or wetting it with saliva, it rece:
coating of soda enough to give a distinct though momentary yellow color t
blowpipe flame.

The flame itself should be what has been described as the oxidizing
must at least be totally free from yellow streaks, and is best obta a 1
slender wick like that of a candle. A brass wick-tube often tinges the me
especially if the fuel be oil.

The assay is held just within the point of the blue flame; the coloration
served in the exterior part of the flame, and is best seen in a darkened roc
at least in a situation shielded from the direct light of day.

If the body gives no coloration or only a slight one when heated alone, it »
be moistened with su/phuric acid and again beated, by which means phosj
and boric acids become evident; or with hydrochloric acid, which in most
heightens the coloration given by baryta, strontia, and copper.

1. YELLOW.

Reddish yellow. Sopa in all its compounds, even when present in very
quantity. Admixtures of potash, etc., even in considerable quantities, do n
terfere with this reaction.

2. VioLeT.

Bluish violet. Potasi and most of its salts, phosphates, borates, and inf
silicates excepted. In presence of very little soda the reaction of both i
cernible ; with more soda (1 per cent.) the yellow lame predominates. The pre
of lithia also masks this reaction. Silicates containing potash only, give the
& violet color, when, besides being free from soda and lithia, they are som:
fusible. Indium, cesium and rubidium also give violet flames.

3. Rep.

a. DPurple red.  LiTiia and most of its compounds. The reaction is not m.
by potash, but easily by soda,

b. Red, STrRONTIA wnd many of its compounds. The colomtion is iner
by moistening the alrady ignited assay with hydrochloric ucid ; is masked by
baryta.

¢. Yellowish red.  Lixr and many compounds; flame not to be confound:

that produced by stroutia ; is masked by much baryta.
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4. GREEN.

o. Yellowish green. BarvTA and most of its salts, silicates excepted ; not
masked by lime.
b. Yellowish green. MoLyBDIC AcID ; also oxide and sulphide of molybdenum.
¢. Emerald green. CoPPER and most of its salts.
d Green. TELLUROUS AcID.
¢ Green. THALLIUM and its salts.
[. Bluish green. PuospHoric Acip. Many phosphates give the coloration
alone; others only after their powder is moistened with sulphuric acid to a paste,
then ignited on platinum wire. The coloration is often but momentary.
¢. Yellowish (siskin) green. Boric Acip. Minerals and salts are best mixed as
der with sulphuric acid, and heated ou platinum wire; coloration often
1 ary.
A vark green, feeble. AMMONIA SALTS.
i. Whitish green, intense. METALLIC ZINC.

5. BLUE.

o. Light Blue. METALLIC ARSENIC, and arsenides of bases whicg do not them-

wlves tinge the flame. Also arsenates, and arsenous acid.

b. Greenish blue. METALLIC ANTIMONY, and the sublimate of antimonous acid,

rcoal.

¢. Azure blue. LEAD. The metal fused in R. F., the sublimate of oxide,

also salts of lead when fused on wire, in case their acid constituent does not tinge
the flame strongly.

d. Azure blue. SELENIUM.

e. Azure blue. CHLORIDE OF CoPPER. Metallic copper, and most copper com-
pounds after wetting with hydrochloric acid, color the flame for a short time purplish
blue, afterwards green.

J. Greenish blue. BroMipE oF CopPER. After a little time, green.

Fusibility.

T1. The fusibility of minerals is also tested in the platinum forceps. (See scale
of fusibility in Chapter IV.) As a general rule, no substances with metallic lustre
should be heated in the platinum forceps, since they are apt to be injured by
formiag an alloy with the fused metuals; but the cautious manipulator may heat
any substance in the forceps without danger, by taking especial care that the
fased substance does not come in contact with the forceps.

778. Many of the combinations of the alkaline earths become alkaline on heat-
ing. Such substances, if not too fusible, may be treated in the forceps, and the frag-
ment under examination after cooling placed on a strip of moistened turmeric
paper, which acquires a brownish-red color at the point of contact with the assay.

E—TREATMENT WITH COBALT SOLUTION.

79. This operation is only applicable to bodies which are nearly or quite
infusible, and which, after ignition, have a white or at least a grayish color, and
is always conducted in O. F. If the substance can be heated in the form of splin-
ters or fragments, and is somewhat porous, it may be held in the platinum for-
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ceps ; the projecting extremity is moistened with the cobalt solution. then bex
gradualiy unul dry, and finally iznited as strongly as possible in O. F. with
causing fusion.

Hard, cowpact minerals must be finely pulverized before treatment. The p
der i» placed in the pulm of the hand and moistened with the solution of ah
A porton of the paste is then taken upon the loop of a platinum wire and stroa
iguited in the O, F.

Certain sublimates, for example, oxides of zinc and tin, formed by heating o
pounds of these metals on charcoal, are treated directly with cobalt solution

By this treatment several bodies, especially alumina, magnesia, and oxide
zine, assutwe characteristic colors.  The tints of blue, red, and black that aj
before strong iguition are merely due to the drying or decomposition of the niu
of cobalt, and are uot to be

The: enlor of the ansay thus treated must be examined by daylight.

Minerals, and salts which fuse to a colorless glass, yield with cobult solution
smalt-blue color which is characteristic of cobalt. A blue infusible mam o
indicutes alumina.

The cobult solution should be rather dilute, and if needful, successive |
added until decisive results are obtained.

This reagent serves to detect alumina, magnesia, etc., infallibly nt v
in the pure state, and also in many of their combinations ; but in* ric
the result is masked by other ingredients.

80. The: colors thus obtained are given in the following table:

1. Drown or brick red—Baryta, under fusion and while bot.

3. Flesh red—Maguesia, tantalic acid, after cooling.

3. Violet—Zircouis (dirty violet) ; phospbate and arsenate of magnesia (fu

4. Dlue— Alumina, silica (faint).

5. Green—Oxide of zine (yellowish green), oxide of tin (bluish green). tiu
acid (yellowish green), columbic acid (dirty green), antimonic acid (d
dark green).

6. (/ray—>Strontia, lime, glucina (bluish gray).

It sometimes happens that the ush of the charcoal itself acquires a new o
by ignition with this reagent.  We have occasionally observed a greenish-y
color thus produced.  The operator has to assure himself that the ash of the ¢
he uses gives no deceptive reaction with nitrate of cobalt,

Use of Fluxes—Roasting.

8l. Borax as well as ault of phosphorus exerts a very powerful solvent ac
when fused with metallic oxides, forming, in many cases, highly colored glas
which are exceedingly charnctevintic.  These salts are therefore very impon
reagents in blowpipe unalysing but it must always be remembered that the co
noted in the following tubles are those given by the orides, and where the pre
innry exuminntion has shown the substance to contain sulphur or arsenic in ¢
binntion it is indispenssble before going further to remove these elvments,
convert the metals into oxiden by roasting.

82. Roasting. The operntion of rvousting in performed as follows :
finely pulverized snbmtanee i placed in w quite shullow cuvity on charcosl, pre
with w pestle or knife-blwde anto w thon layer, wnd heated for some time, o
to dull veduess, with the extreme pomt of the lame.  When the odon
sulphurous acid cenmen to be pereeptibile the anssy in brought into the R. F., wi
by the sulphates and aracnaten that nisy have been formed in the O, F, are redu
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and arsenic is more or less driven off. 'When no more arsenical odors are evolved
the treatment in O. F. is repeated, and these operations are ulternately continued
until the assay is odorless in both flames. The heat should be quite moderate, so
that the body does not fuse; if it fuses, it must be removed to the agate mortar
and freshly pulverized. 'When the roasting has been well conducted the residue
is pulverulent, and of uniform appearance throughout. When much arsenic is
present it is best to heat the body previously in the open glass tube.

Bodies containing selenium, tellurium, and antimony, if free from sulphur and
arsenic, usually require no roastmg, as the former substances, unlike the latter, do
not interfere with the reactions about to be described.

F.—FUSION WITH BORAX.

83. Treatment with Borax in O. F. The fusion with borax is usually
effected on the platinum wire. The clean loop is beated to redness and dipped in
borax powder, and the adhering particles are heated until fused to a clear and
colorless glass, or bead ; this bead, while still hot, is brought in contact with a
very little of the assay, and heated therewith in the O. F.

It is to be observed whether the body dissolves readily or slowly, quietly or with
effervescence; and when solution has been effected, the bead is to be held before
the eye, against the light, and its color, when hot and cold, is to be noted, as well
as whether its transparency is disturbed while cooling. Beads should not be look-
ed at against the light of the gas or candle, since by such lights the colors are much
wodified.

The phenomena of color vary in intensity, and to a certain degree in kind, ac-
cording to the quantity of substance dissolved in the bead. The manifestation of
opacity on cooling depends also upon the quantity of material contained in the
flux, and indeed only occurs when a certain amount has been added. It is there-
fore necessary to begin by dissolving a little of the assay, and after noting the
result, more may be cautiously added at several intervals, until the operator is
satisfied.

If, by using too much of the assay, a bead has been obtained, so deeply colored
that it is difficult to decide what the color is, it may be flattened in the forceps,
or drawn out by a platinum wire while still hot ; or most of the hot bead may be
thrown off with a sudden jerk, and the remaining portion diluted with more borax.

If the operator be in doubt as to the nature of the color he has obtained, he
should view it through a lens, or compare it with some known color, obtained by
fusing the appropriate pure metallic oxide in another borax bead. Care must be
taken finally to guard against deception arising from reflections from colored sur-
faces near the operator.

84. Flaming. The alkaline earths, and some other bodies, dissolve in borax,
forming beads which, at a certain stage of saturation, are clear, and remain so
when cold, but whlch if heated slowly and gently in the R. F., especially with an
mtermlttent flame, become opaque and enamel-like.

The application of the intermittent flame is called flaming. In most cases the
bodies, which at a certain degree of saturation are made opaque by flaming, become
8o without flaming when the saturation is carried a little farther.

85. Treatment with Borax in R. F. After observing the behavior of a
body in the O. F., it is subjected to the R. F., which must, however, be ro managed
that no soot deposits on the bead. After blowing a little time the bead is allowed to
cool, and its color, both when hot and cold, is observed. It may sometimes be
needful to add more of the assay, and repeat the heating. In case no effect be pro-
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duced, or if metallic globules appear, which may often alloy with the
(whereby the loop is spoiled), the bead is jerked off into a clean dish, placea |
shallow cavity on charcoal, and further submitted to the R. F. for one or twa
utes. In this way reductions are easily accomplished that scarcely succeed (

wire, While the bead is still glowing it is grasped in the clean pincers, flatuen
and slightly lifted from the charcoal. It is thus suddenly cooled, whereby oxias
tion, that might occur were the bead left to cool slowly, is pre\'euted, and at the
same time it is brought into a good position for examining its color.

In special cases reduction is still further aided by help of metallic tin. A bit «
tin-foil is laid in contact with the bead, and the two are fused together for a fev
moments in the R. F. The tin oxidizes at the expense of the higher oxide presec:
reducing the same to a lower oxide, while the oxide of tin formed, dissolves
the borax, without interfering with the color produced by the reduced assay.

86. With Borax in O. F. are yielded—

1. CoLorLEss Beaps BY

TEMPERATURR,
Silica, alumina, oxide of tin, baryta, stroutia,
ot lim(", magnesia, glucina,’ yttria, zirconia, wbl;z strongly satu  d
and thoria, oxides of lanthanum and silver, b 'ne_opaque v
oml 3 tantalic, columbic, and tellurous acids y flaming.

Titanic, tungstic, molybdic, and antimonic
acids, oxides of indium, zinc, cadmium, } when slightly saturated
lead, and bismuth :

3. YeLLow Beaps BY

when strongly saturated ; o
less when cold, but opu ]
flaming.

Oxides of lead and bismuth, antimo- i when strongly saturated ;

.
Titanic, tungstic, and molybdic acids, z
oxides of zinc and cadmium :

Hot. l nous acid: less when cold.

Oxides of cerium, uranium, and iron : wcl::;uf:;ebly saturated ; paler a
Oxide of chromium : when feebly saturated ; yellowish green when cold
_ Vauadic acid : greenish when cold.

3. Rep 10 BrowN BEeaDps BY

Oxide of cerium: yellow on cooling ; opaque by flaming,
¢ didymium; rose colored; the same when cold.
Hot. “  jron: yellow when cold.
“ uranium: yellow on cooling; opaque yellow by laming,
¢«  chromium: yellowish green when cold.
“ iron umtmnmg manganese : yellowish red on cooling,
Oxide of nickel (red brown to bnmn) violet when hot,
Col d./ “ manganese : (violet red) violet when hot.
¢ pickel containing cobalt: (with little cobalt, violet
violet when hot.
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4. VioLET (AMETHYSTINE) BEADS BY

Oxide of nickel : red brown to brown on cooling.
¢“  manganese: violet red on cooling. L
Hot. ¢ nickel containing cobalt : passes into brown on cooling ; if much
cobalt be present, it remains violet.
¢  cobalt containing manganese: on cooling, like the nickel
mixture.

5. BLue BEADs BY

Hot.—Oxide of cobalt : unchanged on cooling.
Cold.—Oxide of copper (when highly saturated greenish blue): green when hot.

6. GREEN BEeADs BY
, [ Oxi(::dttf copper: blue after cooling; or greenish blue when highly satu-
ra

According to the degree of saturation
and the relative proportions of the
oxides to each other, the green co-
lor changes on cooling into pale
green, blus, or yellow.

Cold Oxide of chromium (yellowish green): yellow to red when hot.

~ | Vanadic acid (greenish) : yellow when hot.

§7. With Borax in R. F. are given—

« copper :
¢ copper ¢ iron:
(13

Hot. i Oxlge of iron containing cobalt : ]
&
/ L “« ¢ nickel:

1. CoLorLEss BEADS BY

([ Silica, alumina, oxide of tin, baryta, strontia, .

lime, magnesia, glucina, yma, zirconia, wgleen strongly satbura‘.lted ’

thoria, oxide of lanthanum, oxide of ceri- [ ;oo oPaqueby fam-

Hot um, tantahc acid : 10g.

and Oxide of didymium, oxide of manganese, the latter often takes a faint

Cold. rose color on cooling :

Columbic acid: when used in small quantity.

Oxides of silver, ziuc, cadmium, lead, bis- ) after long heating; gray
muth, and nickel; antimonous and tellu- } if heated but a short
rous acids : time.

Hot.  Oxido of copper: becomes opaque red on cooling, if highly saturated.

A

2. YELLow To Browx BeaDps BY

Titanicacid (yellow to brown) : when strongly saturated ; become enamel
blue by flaming.
Hot. Tungstic acid (yellow to dark yellow) : brownish when cold.
Molybdic acid (brown to black and opaque).
Vanadio acid (brownish) : chrome green when cold.

3. BLue Beap BY

Hot. Oxide of cobalt: unchanged on cooling.
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4. GrReeN BeaDs BY

Oxxde of iron (yellowish or bottle green): especially when cold.

Hot urknium (yellowish green): when bighly suturated ; be
and black by flaming.
Cold. “  chromium (pale to dark emerald green): according to d

of saturation.

Cold. Vanadic acid (chrome green): brownish, when hot.

5. Gray or TurBiD BEADS, THE TURBIDITY OFTEN APPEARING DURING THE }
ING BY

Cold. muth, and nickel, antimonous and tel- } by longer blowing bx
lurous acids: colorless.

Oxides of silver, zinc, cadmium, lead, bis- % when heated a short -
Columbic acid : when highly saturated.

6. REp BeADS BY

Oxide of copper (opaque) if highly saturated, or with tin on cha

Cold. { Sesquioxide of didymium (rose color).

G.—FUSION WITH SALT OF PHOSPHORUS.

88. The general rules given for fusion with borax apply here.

The salt of phosphorus when ftirst heated fuses in its crystal water, and is o
that it easily falls from the platinum loop. If, however, a small quantity be
fused upon the wire until it ceases boiling, then the additional quantity e
will adhere without difficulty. The bead is best placed orer the blowpipe
a8 the ascending vapors that are driven from the salt buoy up the bead and
it from falling.

In general the behavior of the various bodies is quite similar to that with he
there are, however, characteristic differences, as the table shows.

Salt of phosphorus is especinlly useful in the detection of xifica.  Most silic
when added to a bead of it and heated, are decomposed.  The bases dixsolve @
flux without interfering with its transparency (unless the substance is in too
quant:tv), while the silica, being almost insoluble, floats as a translucent vy
tinct cloud in the bead. It is best olwerved when the bead is hot.  If the alk
earths be present, the bead becomes opaque on cooling, but this does not inte
with the test. It must be borne in mind, however, that silica is soluble, th
but alightly, in salt of phosphorus, and small quantities may, therefore; be .
overlovked.  Also that some silicates, especially those of alumina and zirconis
with difficulty decomposed by it.

When phosphate of sods and ammonia is subjected to the action of heat
ammonia escapes with the water of crystallization, and the readily fusible
phosphate of sada is left behind.  This is a powerful solvent, and its acti,
Juite analogous to that of biborute of soda.

89. With Salt of Phosphorus in O. F. are given—
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Cold.

Hot.

Cold.

Hot.

Hot.

Hot.

Cold.

Hot.

Cold.

FUSION WIBH BALT OF PHOSPHORUS. 2

1. CoLorLEss BEADS BY

(Silica (very slightly soluble).

Alumina, oxide of tin (difficultly soluble).

Baryta, strontia, lime, magnesia, ) when strongly saturated; be-
glucina, yttria, zirconia, thoria, ox- % come opaque white by flam-
ide of lanthanum, tellurous acid: ing.

Tantalic, columbic, titanic, tungstic, gwhnn not too highly saturated ;

A

and antimonous acids, oxides of } otherwise yellowish to yellow
\ zinc, cadmium, lead, and bismuth : ) and colorless only after cooling.

2. YELLow BEADS BY

when slightly saturated, but col-

stic, and antimonic acids, oxides of
orless when cold.

lead, zinc, cadmium, and bismuth :
Oxide of silver (yellowish): when cold, opalescent.
Oxides of iron and cerium : when slightly saturated ; become colorless
T on cooling (strongly saturated are red when hot, and yellow when
cold).
Oxide of uranium: yellowish green when cold.
| Vanadic acid (dark yellow): paler on cooling.
Oxide of nickel : reddish when hot.

( Tantalic, columbic, titanic, tung-}

3. REp BEADs BY

Oxides of iron and cerium: when highly saturated; becomes yellow
after cooling.
Oxide of didymium : rose color when saturated.
“  nickel (reddish) : yellow when cold.
¢ chromium (reddish) : emerald green when cold.

4. VioLEr (AMETHYSTINE) BEAD BY

Oxide of manganese (brown violet) : pale red violet when cold.

6. BLUE BEaDs BY

Oxide of cobalt : color unchanged on cooling.
{ ¢ copper (when strongly saturated greenish blue): green when
hot.

6. GREEN BEADS BY

[ Oxide of copper: blue when cold (when strongly saturated, greenisk
blue).
Molybdic acid (yellowish green): paler on cooling
) According to the degree of satura-
tion, and the relative proportions
copper. .

« . of the oxides to each other, the
copper ".Oi' 1 > green color changes on cooling into
mckel. pale green, blue, or yellow,
Oxide of uranium (yellowish green) : yellow when hot.

“ chromium (emerald green) : reddish when hot.

4 Oxide of iron containing cobalt.

[{] 113 {3
[
(3
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90. With Salt of Phosphorus in R F. are given—

1. CoLix1Ess BEaDS BY

MSilica (very ightly suicitle .

+ Aluwina and oxivie of dre (dificaltly soluble).
| Barvia, strortis, lime, maguesia, glucina, ) when strongly
Hot | ¥ttria, zironia, thoria, oxide of lantha- . rated become op
nuum : ’ white by flaming.
Cold | Uxidlz-s c-:: so:;rium. didywium, and Eangn;::;

Oxides of silver, zine, cadmium, indium, y

bismuth, tantalic, antimonous, and lellu-) after long bes
rous acids:

 Oxide of nickel (especially on charcoal).

{ (otherwise gray)

2. YeLow 1o Rep Beabs BY

[ Oxide of iron (vellow to red): when cooling at first greenish, |
reddish.
Titanic acid (yellow) : violet on cooling.
Columbic acid (violet brown): particularly on charcoal.
Vanadic acid (brownish) : chrome green after cooling.
Titanic acid containing iron. | (Yellow): when cold, brown (bl
Tungstic ** o “ red
_ Columbic “ “ (brownred): dark yellow when col

Hot.

3. VioLer (AMETHYSTINE) BEADS BY

{ Columbic acid (when highly saturated) : faint dirty-blue when hot
Cold. 1 y
* | Titanic acid (even by moderate saturation) : yellow when hot.

4. BLvE BEADS BY

5 Oxide of cobalt : same when hot.
Tungstic acid : brownish when hot.
Columbic acid (when very strougly saturated): dirty blue when h

Cold.

5. GREEN BEADS BY

Oxide of uranium : yellowish green when hot.
Molyhdic acid : dirty green when hot.
Vanadie acid : brownish when hot.

Oxide of chromium : reddish when hot.

Cod

6. (iray or TrrBID BEADS, THE TURBIDITY OFTEN APPEARING. DURIXG
HeaTiNag BY .
Oxides of silver, zine, cadmium, in- ) Reaction best obtained
Cold. dium, lead, bismuth, and nickel, anti- > charcosl. After long bl
2 monous and tellurous acids: ing become colorlens.

7. Rep Braps ny

Oxide of copper (opaque) when strongly saturated, or by aid of tig
Cold. - charconl,
Sesquioaide of Didymium (rose colored),
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H.—TREATMENT WITH SODA.

91. No attempt is here made to tabulate the phenomena that may arise in the
treatment of bodies B. B. with carbonate of soda. These phenomena bave either
been described in the foregoing tables (sublimation), or are somewhat uncertain in
their production, especially by the beginner (formation of glass with silicates),
or, finally, are of a general nature (reduction of metallic oxides). We therefore
translate substantially what Plattner has written under this head. According to
the nature of the assay, it may either fuse together with or dissolve in soda, as when
containing earths or fixed acid; or a metallic reduction may occur if the assay
consist of reducible metallic oxides.

92. Fusibility with Soda (O.F.). A large number of bodies have the
property to unite with soda at a high temperature, and to give partly fusible,
partly infusible, compounds.

The fusible bodies are, however, few in number: principally silica, titanic acid,
tungstic acid, and molybdic acid. When the fusion takes place on charcoal,
silica and titanic acid both unite with the soda under effervescence to clear beads.
The silicate of soda remains transparent after cooling if no excess of soda be
present, but the titanate of soda becomes crystalline and opaque,.

Molybdic and tungstic acids also combine with soda with effervescende, but the
compounds are absorbed by the charcoal. Besides these acids, the salts of baryta
and strontia are fusible with soda, but the mass is absorbed by the coal. Most
salts of lime fuse indeed with soda, but when the acids they contain are stronger
than carbonic acid, they are decomposed ; the resulting salt of soda penetrates the
coal, while the lime remains as a white mass on the surface.

In trying the fusibility of a body with soda, one proceeds in the following man-
ner: If the body be in form of powder, it is mixed in the palm of the band with
soda, by means of a moistened knife-blade, to a coherent mass; if the assay be a
splinter or fragment, and does not decrepitate, the moistened soda is spread upon
it ; if it decrepitates it must be pulverized. In both cases the assay is placed in
a shallow cavity on charcoal, gently heated until thoroughly dry, and thereupon
intensely ignited in the O. F. If a fragment has been used, the soda is commonly
absorbed by the coal as it first fuses; but if the assay be soluble in it, it appears
again and attacks the body with effervescence, and presently fuses with it to a
globule. If too little soda be used in the treatment of a body soluble in this reagent,
a portion of the assay remains undissolved, and surrounded by a clear glass ; if
too much soda has been employed, the glass will become opagque on cooling. It is
therefore advisable to add the soda in successive small quantities, and observe
the changes thus produced. Many bodies, especially silicates, which are themselves
difficultly fusible, although their bases are infusible, dissolve in a little soda to a
clear glass, but with more soda they form a slaggy or infusible mass.

If the assay be insoluble in soda, but decomposable by it, the operator will see
that it gradually swells up and changes its appearance, though it does not fuse to a
globule. If this be the case with an assay used in the state of powder, it may not
be certain that it is actually insoluble, because too little soda may have been
used ; the mass must therefore be heated with a new portion of soda, or even with
a second or third addition. When this appearance of decomposition occurs with
a fragment of mineral, the same body must also be heated with soda in the state of
powder. If the assay is both insoluble and undecomposable, the soda is absorbed
by the charcoal and the body is left on the surface unchanged, whether applied as
a fragment or in powder.

93. Formation of a Hepar (R. F'.). The higher sulphides of the alkalies
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have long been known by the name of Hepar sulphuris (liver of sulphur), sine
possess a liver-browen color.  When soda is fused on charcoal in the R. F
any compound of sulphur (sulphide or sulphate), sulphide of sodium is proc
and if much sulphur was present in the assay the fused mass will show the
acteristic color of hepar. Whether or not the mass possess this color, whet
remain on the surface of the coal or be absorbed by it, it is only necess
place it on a freshly scraped surface of silver (or to cut out the coal into which
sunk, and put it on the silver), and then add a drop of water, in order after
moments to recognize the slightest trace of SULPHUR by the production of a 3
or even black stain of sulphide of silver. Illuminating gas commonly o
sulphur-compounds, and when this test for sulphur is employed with gas fu:
the soda should always be fused first on coal and tested before adding the .
If sulphur should prove to be present the test must be made with a candle «
flame.

84. Reduction of Metallic Oxides (R.F.). The fusion of certain «
with soda on charcoal in R. F. furniches a most ready and delicate means
tecting their presence in minerals and salts.

Some metallic oxides are reduced to the metallic state by heating alone in
when pure, but with difficulty or not at all when mixed or combined with
bodies ; by addition of soda, however, the reduction is easy. There are
oxides that alone are unaltered, but by fusion with soda are reduced to the m
state.

1t the oxide of lead, for example, is fused with soda, there is no difficulty in
nizing the metallic l('ml which will be found in globules on the surfuce of the
conl.  Oxide of iron )wl(ls, however, metallic iron which cannot be fused, ar
fusible metals often escape the eye when present in small quantity. The op
must therefore employ the method of Gahn, as follows. The finely pulverize
stunce is mixed with soda and a drop of water to a paste, which i laid in a «
on charcoul, and strongly heated in the R. F. The soda commonly sinks in
charcoal; more is added at intervals, until the assay has nearly or complete!
appeared in the pores of the coal. A drop or two of water is now put uj
place, and all those parts of the coal near the cavity which have absorbe
assay are cut out into the agate mortar, and pulv erized with addition of wa
a fine powder. The water is now carefully decanted, or the mortar is held be
the surface of water contained in a clean bowl) and gently moved to and f
that the coal dust is washed away from any metallic particles that may be i
mortar. By careful washing even the smallest quantity of copper, tin, or lead
be seen remaining in the mortar in the shape of flattened globules.  If the
be infusible or brittle, it will be found as a heavy, lustrous powder.

The nature of the metal can be determined by its physical properties; ¢
particles may be dissolved in borax or salt of phosphoms, and tested as al
deseribedd.  Often the sublimate that is deposited about the assay will give s
to the kind of metal under examination.

Iron, cobalt, and nickel are obtained as metallic powder which™ is lifted b
mugmet (best tried under water).  Copper is recognized by ita red color; Tu
Lo ml flatten under the pestle; Bismuth and Antimony are brittle, and
themselves as powder.  Be sulon these metals; Molybdenum, Tungsten, Tellu
Indium, Zine, and Cadmium, and the noble mvh\lu are also reduced by treat
with wsoda, Amimnu_\', Tellurium, Bismuth, lmlinm, ILead, Zine, and Cady
volutilize partly or completely, and yield characteristic sublimates.  Zinc and
miumw usually volatilize (-mm-h Arsenic and Mercury are also reduced, but
be heuted with soda in a tube, in order to collect the sublimates, which are me
arsenic und wercury.
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hen several metals are together, they usually form an alloy. Copper and iron
1, however, obtained distinct. If the assay contained arsenate of cobalt or nickel,
le metallic globules are obtained, which are always brittle from presence of
1 ic. The reactions with borax and salt of phosphorus must be the final resort,
. it may happen that only the experienced operator will be able to make out
isfactorily the nature of a metallic mixture, such as may result from a reduction

th soda,

PrarT~ER directs attention to the three following points, as needful to be care-

attended to in successfully conducting the operation in question:
. The operator must keep the assay a suﬂiclently long time exposed to the
.etlon of a strong R. F.

2. In cutting out and pulverizing the fused mass, and in washing the same, the
greatest care must be exercised that no metallic particles be lost ; and,

3. The remaining metal, whether in form of scales, grains, or powder, must be
examined with help of a lens, and tested by means of the magnet, and if needful by
fluxes (borax and salt of phosphorus).

To acquire skill in the detection of copper and tin by reduction with soda (it is

&t applicable for finding small quantitics of these metals especially), the beginner
s |d practise with mixtures of a copper ore or salt with increasing quantities of

¢ r or some other body free from metallic oxides. One or two per cent. of tin,
v less copper, can be detected in the quantity usually employed for blow-
1 ys.
: « r convenience of reference is added here a tabular view, translated from
tner, of the behavior of the earths and metallic oxides when treated succes-

e1y, (1) alone on charcoal or in the platinum forceps; (2) with borax, and (3)
with salt of phosphorus on platinum wire; (4) with soda, and (5) with cobalt
solation ; the special reactions of the alkalies will be given under appropriate
heads in the next chapter. In the table the sign O, given under some of the heads,

ates that no reaction is observed with the substance.
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Chapter 3.

ALPHABETICAL LIST OF ELEMENTS AND COMPOUNDS,

WITH THE MOST CHARACTERISTIC BLOWPIPE AND OTHER REACTIONS EMPLOYED IN
THE FOLLOWING TABLES FOR THE DETERMINATION OF MINERAL SPECIES.

868. Alumina. The only characteristic blowpipe reaction is the blue color
it assumes when ignited with cobalt solution. It may be thus detected in most
minerals of which it is a large ingredient, provided they are infusible and do not
contain too large a quantity of colored metallic oxides, or of magnesia. Very hard
minerals, like corundum, must be finely pulverized (79). From acid solutions,
when neutralized with aminonia, alumina is thrown down as a flocculent white
precipitate.

97. Ammonia. The slight green tinge that salts of ammonia impart to the
blowpipe flame (76) is too faint and uncharacteristic to serve for their detection.

Ammonia is recognized by its well-known odor. The body to be tested is mixed
with dry soda, the mixture placed in a closed glass tube, and gently heated, when
the ammonia is evolved in the gaseous state, and may easily be recognized by its
characteristic odor, as well as by the alkaline reaction it gives with reddened
litmus and with turmeric paper.

It must be borne in mind that organic substances containing nitrogen yield
ammonia when ignited with soda.

98. Antimony. 1. Is almost invariably recognized by its characteristic
sublimates. The body should be tested first in the open tube (74, 2, c); after-
ward, and generally in case of metallic compounds, on charcoal (75, 5, d)

2. "Where antimony is combined with bismuth and lead, it is best detected by
treating the substance with fused boric acid on charcoal, in such & manner that the
flux is covered with the blue flame, and the metallic globule lies at its side partly
out of the flame. The oxides of lead and bismuth are absorbed by the boric acid,
and the charcoal becomes coated with a sublimate, which, when the blowing has not
been too strong, consists of oxide of antimony, entirely free fromn the oxides of
lead and bismuth.

3. A small quantity of antimony, combined with copper or with other metals
which retain it strongly, may volatilize so slowly that no sublimate forms on the
charcoal. Under these circumstances, the alloy is heated in O. F. with a bead
of salt of phosphorus, until the latter has dissolved a part of the antimony. The
glass is then removed to a clean place on the charcoal and treated with tin in R.
F. If the glass becomes turbid and black, antimony is indicated. Bismuth, how-
ever, gives the same reaction.

4. In examining sulphide of lead for antimony, compare 118, 2.

5. bompounds of antimony and arsenic, beated for a short time in the open
tube, yield a mixture of crystals of arsenous acid and amorphous antimonons
acid. A small amount of antimony mixed with sulphide of arsenic is detected by
gently heating the dry mixture in a closed tube; the sulphide of arsenic volatilizes,
while the dark-colored sulphide of antimony mostly remains where the assay was
placed. The tube is then cut off between the two sulphides, and the sulphide of
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antimony is transferred to an aqpen tube and tested as usual. When the quantity
is extremely small the tube is crushed, and the fragments with adhering sulphide
are introduced into the open tube.

99. Arsenic. 1. The testing in open tube (74, 2, a), closed tube (73, 11, 1),
and on charcoal (75, 5, c), usually lead to its detection.

Arsenous and arsenic acids and their salts, as well as the sulphides of arsenic, are
examined by pulverizing and placing them in a glass bulb, covering them with six
times their weight of a dry mixture of equal parts of cyanide of potassium and
carbonate of soda. The bulb should not be more than half filled with the mixture
(Fig. 23). Itis first gently heated ; if moisture is given off, it is removed by inserting
8 picce or roll of bibulous paper. It is again gently warmed, and if necessary
wiped out with paper, and the operation repeated until the mixture is perfoctly
dry. Finally, the bulb is heated strongly for some minutes in the spirit-lamp or
blowpipe flame; a mirror of metallic arsenic deposits in the cool of the
tube. If the tube be cut off between the mirror and the sealed end by notching
with a file and breaking, and the mirror be heated in the spirit-lamp, the arsenical
odor will then be perceptible,

Fig. 3. Fe W

2. Arsenous acid can also be detected by introducing the assay into a closed
glass tube drawn out to a small diameter (Fig. 24), and inserting a splinter of
charconl above it. The charcoal is first heated and then the assay ; the mrsenous
acid is reduced as it passes over the hot charcoal and is deposited as in the previous
case us a metallic mirror.

3. The higher arsenides, when treated in the open tube, yield a sublimate of
arscnous acid, but the lower arsenides of nickel, cobalt, and iron do not part with
their arsenic at a high temperature, even in the presence of reducing agents; and
for its detection in these cases Ilattner recommends the following method:
Mix the finely divided assay with five times its weight of nitrate of potassa, and
heat as intensely as possible in a platinum spoon. The metals are thus oxidized,
and the arsenic becomes arsenic acid.  The spoon with the fusion is now boiled
with water, until it is as far as possible dissolved. The liquid containing all the
arsenic as arsenate of potash is decunted or filtered from the insoluble metallie
oxides, and, 1. Evaporated with addition of a few drops of sulphuric acid (enough
to expel all nitrie acid) to dryness in a porcelain capsule ; the residue is pulverized,
mired with cvanide of potassium and carbonate of smh, and h'mted a8 just de-
geribed ; or, 2. 1t is made slightly acid by acetic acid and boiled to gxpel any
carbonic acid, and a crystal of pure nitrate of silver added, when a reddish-brown
precipitate of arsenate of silver will be formed.

4. A swall amount of arsenic in the presence of much sulphur is often difficult
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to detect by its odor on charcoal. In such cases it is best to mix the assay with
an excess of carbonate of soda, which will retain the sulphur, and the arsenical
fumes can then be easily recognized.

100. Baryta. All the salts of baryta except silicates yield the characteristic
vellowish-green coloration of the flame. When observed through copper-green
glass the baryta flame appears bluish green.*

In Harmotome and Brewsterite, baryta is detected by dissolving the finely pul-
verized mineral in pure hydrochloric acid with aid of heat, filtering the solution and
adding dilute sulphuric acid; a white precipitate of sulphate of baryta is formed,
which may be collected upon a filter, washed, and then examined for the colora-
tion of the flame.

Strontia may interfere with the baryta reaction. The presence of the sul-
phate of baryta with the sulphate of strontia can be detected by fusing the mix-
ture with three or four parts of cliloride of calcium in a platinum spoon, and boil-
ing the fused mass with water. If a cloudiness is produced, by adding to the
clear dilute solution a few drops of chromate of potassa the presence of baryta is
indicated.” Strontia is only precipitated from the concentrated solution (Chapman).

101. Bismuth. 1. Bismuth is detected by the characteristic lemon or orange
yellow sublimates which it and its compounds give when treated alone or with
soda on charcoal in R. F. (75, 6, 9). The presence of other easily oxidizable metals
may make this reaction uncertain; the wet way must then be resorted to, and
for this purpose the pulverized compound is digested for some timne with hot
nitric acid, the liquid poured off from any undissolved matters, or if necessary fil-
tered, then evaporated almost to dryness, and the concentrated liquid poured into
a test-tube half filled with water. If bismuth be present, a white precipitate of
basic nitrate is formed, which may'be collected on a filter, washed with pure
water, and examined on charcoal. If the precipitate be small, it should be gathered
into the apex of the filter; the latter is then dried, the part containing the preci-
pitate torn off, and tested on charcoal.

2. If a compound of bismuth be treated with a mixture of equal parts of iodide
of potassium and sulphur, and fused B. B. on charcoal, a beautiful red sublimate of
the iodide of bismuth will be deposited.t ’

3. In the presence of lead and antimony bismuth can be detected in the follow-
ing manner : The mixture of the three oxides is added to an equal volume of sul-
phur and treated in a cavity upon charcoal with R. F.; the oxides are thus con-
verted into sulphides. The assay is then placed upon a flat coal and treated with
the O. F. and R. F. until the antimonial fumes have nearly ceased. The residue
is placed in a mortar and pulverized, and mixed with an equal volume of a mix-
ture of one part of iodide of potassium and five of sulphur; it is then heated in
an open glass tube, and if bismuth be preseut, a distinet red sublimate of iodide
of bismuth will be deposited a short distance above the yellow sublimate of lead.
The sublimate of iodine which is liable to be deposited higher up the tube must
not be confounded with the bismuth sublimate.}

See also 98, 3.

102. 1. Borie (boracic) acid is recognized by the intense yellowish-green color
it or its compounds with fluorine communicate to the flame. This color is given
to the outer flame by most borates, provided they do not contain an ingredient
which of itself tinges the flame.

* The strips of colored glass alluded to in this chapter are such as are used for colored
glass windows, a cobalt-blue glass, a greer-glass colored either with oxide of copper or iron,
and a red glass colored with red oxide of copper. Strips 3 x 6 inches are a convenient size,

t Von Kobell. Journal fiir Praktische Chemie (2), I1I. (1871), 469.
{ Corowall. Am. Chemist, March, 1872.
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2. Boraw of gda alone tinges the fiume pure vellow, hut if it he maimensd
with sulphuric weid or mixed with bisulphate of powsk, boric aeid is et free, axd
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105. Carbon and Carbonic Acid. 1. Carbon in the form of diamond or of
graphite, disappears when heated for some time B. B.; the former leaves no resi-
due, the latter generally more or less of a red ash.

Fused with nitrate of potassa, carbon detonates, forming carbonate of potassa.
Carbonates effervesce when treated with dilute hydrochloric acid ; a few require to
be pulverized, and in some cuses heat is necessary before the eflervescence * takes
place.

2. Some carbonates lose their carbonic acid by simply heating in the closed
tube ; in these cases it may be detected by inserting a strip of moistened litmus
paper in the tube, when the blue color will be changed to red, but on drying the
original blue color will be restored.

3. Organic substances, except oxalates and formates, decompose in the closed
tube, yielding a burnt odor, and usually oily products. _Anthracite gives off
moisture, but no empyreumatic oil. (See Coal, in the tables, chapter iv.)

106. Cerium. When in combination with other earths, cerium cannot with
certainty be detected B.B. In most silicates where it, with lanthanum and didy-
miun, occurs in considerable quantity, it may be readily detected after separation
of silica and precipitation by ammonia, by treating the washed ammonia precipi-
tate with oxalic acid, which dissolves out iron with alumina, leaving the cerium
earths as insoluble oxalates ; this residue when washed and ignited gives a cinna-
mon-brown powder, which is the characteristic color of sesquioxyd of cerium.

107. Chlorine. 1. Chlorides, like bromides, may be detected by adding a
small portion of them to a bead of salt of phosphorus which has previously been
saturated with oxide of copper; the bead becomes instantly surrounded with a
beautiful and intense purplish-blue flame, without any of the tinge of the green
which is observed in examining a bromide.

2. The soluble chlorides give the same reaction as described under bromine with
sulphate of iron and copper on a silver plate.

3. Nitrate of silver produces, even in highly dilute solutions of hydrochloric
acid or metallic chlorides, white curdy precipitates of cbloride of silver, which upon
exposure to the light change first to violet and then to black.

108. Chromium. 1. Chromium is detected by the emerald-green color which
its compounds impart to the borax and salt of phosphorus beads. Chromium must
aot be confounded with vanadium, which gives the same reactions in R. ¥., but
differs by yielding a yellow bead with salt of phosphorus in O. F., which flux never
acquires other than a green color from chromium.

2. Minerals containing but little oxide of chromium associated with other metals
which color the fluxes, are best treated by fusing on platinum wire or in a plati-
num spoon with a mixture of equal parts of soda and nitre. The mass is heated
for some time in O. F., whereby chromic acid is formed. The fusion is dissolved in
water, and the solution poured off from the residue ; to this solution a drop or two
of acetic acid, and afterward a crystal of acetate of lead, are added, when a lemon-
yellow precipitate of chromate of lead is formed. This may be collected on a filter,
washed, and tested with borax and salt of phosphorus,

3. A mineral which contains a small amount of chromium, and is not decomposed
by nitre, is fused with one and a half times its volume of soda and three-fourths its

. volume of borax to a clear bead ; this is pulverized, dissolved in hydrochloric acid,
and évaporated to dryness, dissolved in water; the residue of silica filtered off;
the protochloride of iron changed to sesquichloride by boiling with a few drops of

® Care must be taken not to confound minerals which contain a carbonate as an impurity
with pure carbonates. If the substance under examination be a pure carbonate it can he
completely dissolved in nitric acid, and effervescence will continue so long as any portion re-
mains undissolved.
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nitric acid, and the chromium, alumina, iron, etc., precipitated with ammonia.
The precipitate is collected, and tested as above.

109. Cobalt. 1. In most cases can be recognized by the characteristic blue
bead it gives in both flames with borax. This color is variously modified by other
metals.

2. Should iron be present, the glass will appear green while hot, and blue when
cold. If the substance contains copper or nickel, the cobalt-blue color can hardly
be perceived, and the bead must be treated on charcoal, with tin in R. F., until it
becomes transparent, and effervescence has ceased. The copper and nickel will be
reduced to the metallic state, and the glass will have a perfectly pure blue color.

3. Compounds of cobalt with arsenic, and arsenides of other metals, when fused
upon charcoal until arsenic fumes cease to be given off, then treated with borax in
R. F., give, when freed from iron, a pure smalt-blue color ; if iron be present it
will be oxidized before the cobalt, and the bead will have a bottle-green color.
The metallic globule is then treated with a fresh quantity of borax, and this opera-
tion is repeated until the bead gives a pure cobalt reaction.

In testing metallic nickel for cobalt it is necessary to combine the nickel with
arsenic, which may be done by mixing the finely divided nickel with metallic
arsenic, placing it in a depression in the charcoal, and fusing in R. F. The fased
globule is then tested with borax, as just described in case of an arsenide. The
volatile metals in combination are recognized by their sublimates on charcoal.

110. Columbium. If a mineral which contains columbic acid be powdered
and fused with bisulphate of potassa, the fused mass powdered and dissolved in
water, the columbic acid, and tantalic acid if present, will be insoluble; while
the bases and titanic acid, if present, will be dissolved, and can be thus separated.
The residue is treated with sulphide of ammonium, to free it from tungstic
acid and oxide of tin, if these be present, and after filtration and thorough
washing it is treated with dilute hydrochloric acid to remove traces of iron.
The residue is treated with hydrochloric and sulphuric acids, with the addi-
tion of metallic zinc. If only a tantalute be present, no coloration ensues, or
but a slight one. If a columbate is similarly treated, the separated columbic acid
rapidly assumes a blue color, which gradually fades, and finally becomes brown.

11 Copper. 1. The green color which most copper compounds give to the
blowpipe tlame, and the reactions of its oxides with the fluxes, render its presence
easily detected. The production of a red bead with salt of phosphorus in R. K.
is rendered more certain by the treatment of the bead on charcoal with a small
amount of tin. ’

2. Copper may also be detected by saturating a salt of phosphorus bead with
the substunce containing it, and adding chloride of sodium, when the bead will
color the flame beautifully blue, owing to the formation of chloride of copper.

Many minerals give this reaction by simply moistening in hydrochloric acid and
exposing in the platinum forceps to the flame; silicates should be first pulverized,
moistened with hydrochloric acid, and evaporated to dryness in a porcelain cap-
sule ; then made into a puste with water, and heated on platinum wire.

3. In case the copper is combined with nickel, cobalt, iron, and arsenic, the
greater part of the cobalt and iron may be separated by treating with borax on
charcoal. The remaining metallic globule is fused with a small quantity of pure
lead, and then boric acid is added ; this last dissolves the lead and the rest of the
cobalt and iron, while most of the arsenic is volatilized. The cupriferous nickel
globule, which still may contain a little arsenic, is treated with salt of phosphorus
in O. F.; the bead obtained will be dark green while hot and clear green when cold
This last green is caused by a mixture of the yellow of oxide of nivkel and the blue
of oxide of copper.
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b According to Guericke,* a very delicate test for copper is to mix the sub-

nce under examination intimately with chloride of silver, and fuse on iron wire;

this manner the smallest quantity of copper may be detected by the blue color

parted to the flame. .

12. Didymium. See p. 36.

18. Erbium. See Yttria.

(4. Fluorine. 1. Hydrofluoric acid imparts to Brazil-wood paper a straw-

low color, Silicates containing even a small quantity of fluorine, when heated

the closed tube, give off hydrofluo-silicic acid; this is decomposed into silicic

d, which is deposited near the assay and hydrofluoric acid, which passes off,

1 the latter may be detected by inserting a strip of moistened Brazil-wood

ser at the open end of the tube.

2. When fluorides are heated in a glass tube with bisulphate of potash, hydro-

oric acid is given off. This etches the tube immediately above the assay, and

es the reactions with Brazil-wood paper just mentioned.

3. The best method for the detection of fluorine in all cases is to mix the assay

‘h previously fused salt of phosphorus, and heat in the open tube in such a

nner that the flame passes into the end of the tube.

[n this way hydrofluoric acid is formed; it may be recognized by its peculiar

ngent odor and its corrosive action on the inner surface of the glass tube, ren-
ng it opaque and lustreless at the points where moisture has condensed. For

onfirmatory test the reaction with Brazil-wood paper may be employed.

As the heat required in this experiment is 80 great that the glass tube often

omes soft and unmanageable, it has been recommended to use a piece of plati-

m foil rolled together and inserted into the end of the glass tube, as in Fig. 25.

Fio. 25,

Che substance to be tested is placed with the flux upon the projecting part of
1 foil, and the flame directed as hefore.
115. Glucina gives no reactions which admit of being determined B. B. with
tainty (see page 33). It is not of frequent occurrence, being only found in com-
ation with silica and alumina.
(18, Gold may usually be recognized by its physical characters. It is sepa-
ed from the easily volatile metals by simple heating on charcoal in O. F. If
ociated with copper or silver, it must be fused with a large excess of metallic
d and subjected to cupellation (see 142). The copper becomes absorbed and
3 off with the lead, while the silver remains alloyed with the gold. If the
opule is quite yellow it is proof that but little silver is present; it is then to be
1 with salt of phosphorus to prove the presence of silver, which after fusion
11mpart an opaline appearance to the cool bead. If it be more of a silver color,
» amount of gold will be small, and in order to prove its presence the globule
st be digested with hot nitric acid in a test-tube or porcelain capsule; the
rer is thus dissolved, and the gold remains in a fine powder or as a spongy
ss. If this powder be washed and fused with borax on charcoal it will yield
lobule of metallic gold. In combination with infusible metals, such as platinum,
lium, palladium, and rhodium, the alloy obtained B. B. is less fusible. For their
ration the wet reagents must be employed.
u7. Indilum. Colors the flame beautiful violet. (See table, p. 36.)

4 * Pharm, Centralblatt, 1855 ; 195.
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118. Iodine. 1. Iodides, added to a bead of salt of phosphorus which has pee
viously been saturated with oxide of copper, tinge the outer flame an intess
emernld-green color. (Compare bromine and chlorine, 103, 107).

2. JTodides, like bromides, are decomposed by fusion with bisulphate of |
free iodine is liberated, and may be distinguished by its characteristic vioies
and its disagreeable odor. If an iodide be added to & mixture of cartx t
lime and caustic lime, then intimately mixed with a small quantity of chlor
mercury and heated in a closed tube, ivdide of mercury will be sublimed; »
easily recognized by its first yellow and then red-yellow color. It is bem o
draw the tube out to a narrow neck a short distance from the assay, and for tie
success of the experiment it is necessary that all the substances employed be per.
fectly free from moisture. This test is said to be even more delicate than the
starch test, which is used in the wet way.

19. 1. Iron is distinguished by the characteristic color its oxides impanrt w
borax and salt of phosphorus, as well as by its compounds yielding a magnetc
powder with soda on charcoal.  (See treatment with soda, 94.)

2. In the presence of easily reducible metals, such as lead, tin, bismuth, ss3-
mony, or zinc, iron may be detected by treating the assay with borax and char
coal in R. F., until everything except the iron has been reduced, when the boms
glass will have a bottle-green color.  If the substance contains much tin, or if the
bottle-green glass is fused with tin-foil in R. F., the iron becomes entirely reduced w
protoxide, and the bead has a pure vitriol-green color. |

3. In case the substance containg cobalt, nickel, and copper, the two latter wil
be reduced by the tin, while the cobalt will color the bead blue. To detect the
iron it is only necessary to heat a portion of the blue bead, with addition of fresd
borax, on platinum wire in O. F.; the bead will be green while hot and blue &
cooling.

4. To distinguish the presence of protoxide of iron in minerals, Chapma
recommends the following method :—4 A small quantity of black oxide of copger
s dissolved in a bead of borax and platinum wire 80 as to form a glass whcs
exhibits, on cooling, a decided blue color.  To this the test-substance in the frm
of powder is added and the whole is exposed for a few seconds, or until the test-
matter beging to dissolve, to the point of the blue flame. 1f the substanece aa-
tain protoxide of iron it will be converted into sesquioxide at the expense of some
of the oxygen of the copper compound, and opaque red streaks and spots of md
oxide of copper will appear in the glass, as the latter cools.  If only sesquioxide
of iron is present, the glass on cooling will remain transparent, and will exhibat a
bluish-green color.

120, Iridium. (Sce p. 36.)

121. Lanthanum. (Sec page 37.)

122. Lead. 1. Compounds of lead give globules of metallic lead when heated
with sodi on charcoal B. B, It is recognized by its physical properties, as well s
thee characteristic couting it gives upon the conl (79, 5, A). The cnating 3
waoditied by the presence of various other volatile metals.  In the presence of ast,
the cliaracteristic color of the lead coating is recognized on cooling, since the asde
of zine becomes white,  In the presence of bismuth, the oxide of which often o
scures the Jead, it is detected by heating the sublimate in the R, F., when the flom
will be tinged with the azure-blue color which is characteristic of lead in the &
sence of selenium, The presence of selenium in such cases is evident fn
wdor, :

2. Combinations of sulphide of lead with other metallic sulphides are te
leid by treating in the R F. cither alone; or with borax to separate iron ;
lead is 1ecuguized by its coating.  In such combiuations the oxide of leaa
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rounded by a white coat of sulphate of lead, which renders the presence of small
amounts of antimony uncertain. The safest way under such circumstances is to
mix the powder of the substance with soda, which retains the sulphur; this mixture,
when treated in the R. F., gives the pure lead coat, and if antimony is present it
ia detected by its wlhite sublimate beyond the sublimate of oxide of lead.

3. In solutions of the salts of lead, sulphuric acid gives a white precipitate of

+ sulphate of lead, which is nearly insoluble in water and dilute acids. It is
vest to add a considerable excess of dilute sulphuric acid, evaporate the solution on
A water-bath, and add water to the residue, when delicate tests are to be made in

weh way. .

: . Lime. Lime imparts a characteristic yellowish-red color to the flame.
When observed through copper-green glass the lime flame appears siskin-green ;
with cobalt-blue glass it is pale greenish-gray, and is almost entirely obscured.

lime salts react alkaline to test papers after ignition. It is distinguished

o 7ta and strontia in the wet way, by the fact that sulphuric acid gives

o precp te in dilute hydrochlovic solutions. Sulphuric acid gives a precipi-
+in the concentrated solution which distinguishes it from magnesia.

124. Lithia. The red color which pure lithia salts give to the flame is more

les modified or entirely obscured when mixed with other substances. Seen
green glass the lithia flame appears orange colored, with red glass is col-

oea a  red, but with cobalt glass of sufficient thickness the flame is invisible.
ontaining only a little lithia scarcely color the flame red; but if the
enzed mineral be mixed with one part of fluor-spar and one and one-half of
wute of potash, the whole made into a paste with a little water and exposed
astinum wire to the point of the blue Hame, the outer flame will be colored
lyred. Chapman has proved that the lithia flame, unlike strontia, is not

d by the presence of baryta. He suggests fusing lithia minerals with

3 of barium ; the phosphate, triphylite, when thus treated gives a beauti-

B¢ on color.

Lo, Magnesia is recognized by its reaction with nitrate of cobalt (80, 2).

Inoombi tion with other earths, the wet way must be employed for its detec-

uric acid does not produce a precipitate in its concentrated solution.
nganese. The reactions of manganese with the fluxes are so
and delicate that it may be recognized even when it exists in the smallest
,and in the presence of almost every other substance. The soda test in O.
m piatinum wire is the most delicate. If a reaction be not obtained with soda
.o mmall fragment of nitre should be added to the assay, and the mass
«d. When testing substances which do not dissolve readily in soda it is
W sad a little borax to the bead, and this also makes the test much more

ite (Chapman).

1z]. Mercury and amalgams give a sublimate of metallic mercury when heated

+closed tube. Compounds of mercury heated in a closed tube with soda yield

ic mercury, which condenses on the tube above the assay. When a gray
te is obtained, without distinct metallic globules, the part of the tube

1 with it is cut off and boiled in a test tube with a little dilute hydrochloric
by this treatment the mercury collects into shining globules. In case mer-
exists in 8o small a quangity that the sublimed metal is not perceptible, it

1 be detected by inserting & piece of gold-leaf held on the end of an iron wire

the tube, just above the assay; on heating, the mercury is volatilized and

= with the gold, giving it a white color.

ybdenum. The sublimate which molybdic acid gives on charcoal
»  and its reactions with borax and salt of phosphorus serve to distinguish
1 ¢ instances.
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‘When it is present in small quantity, particularly when associate:l with eoprer
and tin, as in some furnace products, it is necessary to have recourw: to toe wet
way. The solution of a mineral containing molybdenum in hydrochloric aal, »
the hydrochlovic solution of the fusion with nitre and soda of an insolubl- «wb
stance, when boiled with tintoil is colored dark blue by the separated monlyhdate
of molybdenum (compare Tungstic Acid, 153). Molybdic scid cun alwo t» =
cognized by heating the finely pulverized substance in & porcelain dish wita e
centrated sulphurice acid, and then adding alcohol. The finid when cold acmra
a fine azure-blue color, especially upon the sides of the dish.

129. Nickel may be recognized by the color its oxide imparts to borax ad
salt of phosphorus, together with its easy reduction to the metallic state in B. F

Arsenical compounds of nickel, cobalt, iron, and copper are treated with glas
of borax (sece Cobalt, 109). When the borax is no longer colored blue from
cobalt, but acquires a brown color, which is violet when hot, the metallic globukt
is sepurated from the borax, and treated with salt of phosphorus in O. F. I
copper us well as nickel be present in the assay, the glass thus obtained will be
green both while hot and cold; treated with tin on charcoal it will brcome i
and opaque on cooling. A small quantity of nickel occurring in cobalt compounds
cannot always be detected by the foregoing method. In such cases Plattner re
commends saturating one, or if necessary several borax beads with the substance
on platinum wire. The beads are then fused on charcoal in R. F. with from 3w
80 milligrammes (0.7) to 1 grain) of fine gold ; the oxide of nickel, togeth-r with
a small portion of the cobalt, is reduced to the metallic state and unites with the
gold.  The metallic globule is then freed from the flux and treated on charcoal m
O. F. with salt of phosphorus. The bead itself will be colored biue, as cobalt »
easier oxidized than nickel, or perhaps if a little nickel be also oxidized it wi
be dark violet while hot and dirty green on cooling ; in both casen the globale
separat -« from the flux and treated with a new portion of salt of phosphorae
If the original bead with borax was not too saturated, this second bead with mit
of phosphorus will be of a pure nickel color.  Shoulldl copper as well as nickel 2+
present in the gold globule, the salt of phosphorus bead will be groen while b+
and retain its green color on cooling ; treated with tin in R. F. as before described,
the bead will become red.

130. Nitrates. When nitrates are fused in a glass tube with bisulphate £
potash, durk reddish-yellow nitrous fumes are evolved. The color is best observed
by looking lengthwise through the tube held aguinst a white ground,

Al nitrates detonate when heated on charcoal ; those of the alknlies and alkaline
earths detonate violently, and are converted into carbonates,

13l. Osmium. See p. 349,

132, Oxygen, Oxygen is evolved from some compounds by simple ignitios
The substance under examination is placed in a closed tube with a bit of charcos
above it, the charcoul is firnt brought to irnition, and then the substance is heated
when, on liberation of oxygen, the ignited splinter of cont will glow with incressed
brillinney.

133. Palladium. See p. 39,

134. Phosphates. 1. The green eolor (76, 4, /) which phosphates give » |
the ame serves in many cases for their d tection, This colomtion is heightensd
by the addition of a drop of concentratid sulphurie acid, but is remdered ansat-
factory in the presence of other substances giving a green thame,

Ldfn l"ll\l'l‘il.ml l'll'l.\ll"l;lh' is fused ina closed tube with a bit of metallx ]
magnesinm or sadium, the phosphorie acid will be reduced, and if the fased mas |
on cooling is moistened with water, phosphoretted hydrogen will be givea of, |
recoguizable by its charncteristic disagreeable odor.,
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3. When a few drops of neutral or acid solution containing phosphoric acid are
poured into a test tube filled to the depth of an inch with a solution of molyb-
date of ammonia with nitric acid, there is formed in the cold or after a short time
» pulverulent yellow precipitate of phospho-molybdate of ammonia. The reaction
is hastened by very gently warming, care being taken not to heat above blood
heat. A yellow coloration of the fluid must not be regarded as proof of the pres-

se of phosphoric acid, since silicic acid produces a strong coloration, but it does

't give a precipitate. Arsenic acid gives the same reaction.

l%. Platinum. See p. 39.

138. Potassa may often be detected by the violet color it communicates to the
flame. In presence of other bodies that tinge the flame, especially soda and lithia,
this reaction is masked. The potash flame when observed through cobalt-blue
glass * appears purple, and may thus be easily detected even in the presence of
lithia and soda. With green glass it is colored azure blue, and with red glass
deep red.

Il; presence of soda, potassa may be recognized by fusing borax with addition of
s small quantity of boric acid on platinum wire, then adding enough oxide of
nickel $ to make the glass brown when cold ; the substance is dissolved in the bead
thus obtained ; if potassa be present it will be of a beautiful blue color on cooling.
With soda alone a brown bead will be obtained.

For the detection of potash in compound substances it is often necessary to
have recourse to the wet way. Bichloride of platinum produces in the neutral
and acid solutions of the salts of potassa a yellow crystalline heavy precipitate of
the platinchloride of potassium. Very dilute solutions are not precipitated by
this reagent, hence they should be evaporated before testing; or better, evaporate
to dryness after addition of the reagent and then dissolve the residue in alcohol,
in which the platinchloride is insoluble.

137. Rhodium. See p. 39.

138. Rubidia. This rare alkali gives B. B. a violet flame, and when mixed
with ceesia and potassa can only be distinguished by spectroscopic examination.

139. Ruthenium. See p. 39.

140. Selenium. The reaction for selenium on charcoal (75, 5, a) is so charac-
teristic that the slightest traces of it can thus be detected.

Selenites and selenates are reduced to selenides on charcoal in R. F. with the
characteristic odor of selenium.

141. Silica. 1. When silica is heated with soda, a clear glass is obtained if
the soda be not in excess. This reaction distinguishes silica from the earths ; silica
may, however, contain alumina and still fuse with soda to a clear glass.

In most silicates the silica may be detected by help of salt of phosphorus (see
p. 26). The experimenl should be performed with a small fragment, from which
the bases will be dissolved, while the skeleton of silica will maintain the same
form as the original assay and float about in the bead. Only when a fragment is
unaffected the powder is used, but when thus tested the result is less satisfactory.

2. When a finely powdered silicate is fused with an excess of carbonate of soda,
the resulting mass dissolved in dilute hydrochloric acid, and evaporated to dry-
ness, the silica is rendered insoluble; and on moistening the residue with strong
hydrochloric acid, and dissolving in hot water, the silica will remain behind, and
can be separated from the bases if desired. .

3. Most of the hydrous silicates, and many which are anhydrous, but which con-

* The blue glass should be of sufficient thickness to entirely obscure a lithia flame ; there
is no objection to using two or three thicknesses of glass if necessary.

4 Oxalate or carbonate of nickel (emerald nickel) may be employed. It must be free from
cobalt (not give a blue glass with borax).
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tain an excess of base, are decomposed by strong hydrochloric acid ; the bases tim
unite with the hydrochloric acid, while the silica separates either as a g-lau: 2
hydrate, or as a non-gelatinous powder.

142. Silver. Silver is recognized by its physical characters as well as by te
brown coating it gives when heated on charcoal in O. F.

When associated with volatile and easily oxidable metals, it may be s-panasd
by heating on charcoal in O. F. If the silver be asvociated with a lange guazaty
of lead or bismuth, it is best to subject it to cupellution. The following jnave
serves for the detection of silver in most argeutiferous minerals : The substane
mixed with its own bulk of borax gluas and an excess of pure: lead (except in cave
where lend or its oxide already exists, as in litharge, minium, cerunite, ete, | 22
mixture is placed in a cylindrical cavity in the charcoul, and fused in R F. T
flame should at first be directed entirely upoun the borax glass ; after the eartay
substances have been dissolved and the metallic particles uniced into one glubuls,
this globule is subjected for a short time to the O. F., therehy separating suwe
volatile and easily oxidizable substances a8 may be present. The remainizg
globule containing n lurge excess of lead and all the silver, together with the laryr
portion of the nickel and copper, is then separated from the flux and subjected w
cupellation.

For this purpose finely pulverized bone-ash is mixed with a small quantity of
soda, and made into a stiff paste with water. This paste is placed in a circular
cavity in charcounl, half an inch in diameter and one quarter inch deep, and e
surfuce of it made coneave and smooth by pressing it with an agate pestle or other
suitable convex surface. This cupel is now carefully exposed to a gentle heat
till perfectly dry.

The lead globule, freed from all adhering flux, is placed upon the cupel, ad
treated in O. F.  Should much nickel or copper be present, an infusible coating
formed which prevents the desired oxidation ; this may be counteracted by the far-
ther addition of a small quantity of pure lea«l The blast is kept up until
traces of lead have become oxidized 5 this is indicated by the censation of the iz
bow-colors of the oxide of lead which play over the surface of the button. Wlet
the quantity of litharge that is formed in the process of cupellation is large, we
globule of silver, still containing lead, may be removed to a fresh cupel and thr
retined,  The instant when the last truces of lead disappesr can then be nree
readily pereeived ; this point is indicated by the sudden brightening of the glel-
ule.  The remaining metal, when free from gold, has a silver-white color. [t mar
be tested for gold ax described under that metal.

143. Soda. Noda is readily distinguished even in compound substances by the
intense yellow color it imparts to the outer blowpipe flame.  The soda flame
invisible when obseryed through cobalt-blue glass aud red glass; with green glas i
is ornge colored,  Soda is not pre c'lpltntml from solution by bichloride of l»hunun.

144, Strontia. The cvimson color imparted to the outer lame serves in mo
instances for the detection of stroutia and its salts.  In the presence of lime tha
reaction is less chiareteristic, and a smadl amount of soda obseures it altogether.
The eolor is intensitied by moistening with hydrochlorie acid.  When the stroots
tlane is observed throngh cobalt glass it appears of o pale purple to rosemi
color, through green gliss 1t is orange, and with red glass it hus o deep red ko

After igaition it salts give an alkaline reaction on test paper, and it is disus-
guished from lime, which also gives a red e, in that ats dilute solutions ar
precipitated after some time by sulphurie acil,

145. Sulphur. Sulphuric Acid. Free snlphur fuses and sublimes; o
charcoal burns with n blue flame, forming sulphurous acid. The higher sulphids
give off sulphur when heated in g closed tube s the neatral sulphides and subeak
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ides give off sulphurous acid when heated in an open tube. The sulphurous

d may be detected by its odor or by its reddening and bleaching action on a
wrip of moistened blue litmus paper. Small quantities of sulphides and the sul-
shur in sulphutes may be detected by fusing with two or three parts of soda on
sharcoal in R. F. In using this test it should be kept in mind that illnminating
fas often contains sulphur; where this is the case a candle or lamp flame should
e used (see 93). The sulphnr is hereby converted into sulphide of sodium,
which, placed on a clean silver surface and moistened with water, causes a brown-
sh or black stain on the silver. In the presence of selenium this reaction cannot
be used.

The soda used for the detection of sulphur should always be tested by itself for
salphur, which is a common impurity, and if it give the reaction, it should be
ireated as described on page 30.

The solution of a sulphate in hydrochloric acid gives a precipitate of the sulphate
of baryta, on addition of chloride of barium.

The following is a delicate test for sulphides in the wet way. An amount of
the assay powder that can be taken upon the point of the knife is mixed with a
like volume of iron powder (ferrum alcoholisatum of the apothecary), the mix-
ture placed in a cylinder of glass two and a half inches long and about an inch
in diameter, and hydrochloric acid is poured upon it (one volume concentrated
acid and one volume water). A strip of filter paper, which has been moistened
with acetate of lead and again dried, 1s placed beneath the cork that fits the tube,
which is then closed, the paper projecting from the tube a short distance. In
about one minute the color of the paper is observed, and the glass shaken if neces-
rry. If sulphur be present the paper will be blackened by the formation of the
sulphide of lead.

146. Tantalum. See Columbium,110.

147. Tellurium. 1. Tellurides heated in the open glass tube, give a white
or grayish sublimate, fusible B. B. into colorless or nearly colorless drops. On
charcoal they give a white coating, and color the R. F. green.

2. When a substance containing tellurinmn is triturated with soda and charcoal
dust and fused in a closed tube, then allowed to cool, and a little Lot water
dropped into the tube, the water assumes a beautiful purple color from the dis-
solved telluride of sodium.

3. Tellurium compounds when gently heated in a matrass with much concentra-
ted sulphuric acid, impart to it a purple color, which disappears on the addition
of water, while a blackish-gray precipitate is formed.

148. Terbia. See Yitria.

149. Thallium. Colors the flame intensely green. (See p. 18.)

150. Thoria, gives no reactions which permit its determination with cer-

nty.

451 Tin. In the metallic state, tin is easily distinguished by its physical char-
acters and its reactions in O. and R. F. on charcoal (75, 5,7). Sulphides containing
tin must be roasted, and the roasted mass treated with a mixture of soda and borax
in R. F. ; the product is metallic tin, which can be further tested on charcoal.
Oxides containing tin are best treated with soda or cyanide of potassium on char-
coal ; if much iron is present borax should be added. When tin and some of its
compounds are treated with nitric acid, oxide of tin separates as a white precipi-
tate, which can be separated and tested as above.

152, Titanium. 1. The violet color given by titanic acid with salt of phospho-
rus in R. F. serves in most cases for its detection. In the presence of iron the violet
color first appears when the bead is treated with tin in R. F. on charcoal.

2. If a substance containing titanium is fused with carbonate of soda, and the
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resulting mass dissolved in hydrochloric acid, and then heated with tin or zine,
the titanic acid is reduced to sesquioxide of titanium, coloring the liquid violet, and
finally the violet hydrated sesquioxide separates.

When the fusion of a substance with six or eight parts of bisulphate of potasss
is dissolved in a very little water, the clear solution decanted from the insoluble
residue and a few drops of nitric acid and five or six volumes of water added,
titanic ucid if present will separate on boiling as a white precipitate.

153. Tungsten. Tungstic acid gives a blue color with salt of phosphorus in
R. F.; with much iron the bead becomes dark red, but treated on charcoal in
R. F., with tin it gives a blue color.

When a tungstate is fused with carbonate of soda and treated with hydrochloric
acid and zinc as above (see Titanic Acid), a fine blue color is obtained.

Tungstic acid 18 insoluble in acids; hence if a tungstate like scheelite is decom-
posed by acids, the tungstic acid separates as a yellow powder.

154. Uranium. The reaction with phosphorus salt serves in most instances
for its detection.

155. Vanadium. In the absence of other colored metallic oxides, vanadium
may be detected by borax and salt of phosphorus ; it may be distinguished from
chromium by the color which it gives to salt of phosphorus in the O. F.

156. Water. Water may be detected by heating the assay in a matrass or
closed tube, care being taken to free the tube from all moisture before inserting
the assay. If a substance contains hygroscopic water, or if it be a soluble hydrous
salt, the water is almost immediately given off and condenses in the upper part of
the tube in distinct drops. Insoluble substances containing water require to be
heated somewhat higher. See further under examination in the closed tube, 78.

157. Yttria. (Erbia and Terbia.) For the detection of these rare earths re-
course must be had to analysis in the wet way.

158. Zine. The reactions of this metal on charcoal, together with the green
color which the oxide gives with cobalt solution, allow of its being detected when
it exists in considerable quantity—and even in extremely small quantities, if it be
not associated with other metals whose reactions are such as mask those given by
the ziuc, If a small quantity of zinc be associated with large quantities of lead,
bismuth, or antimony, it is with difliculty detected. If a mixture of different
metallic oxides be fused with a mixture of two parts soda and one to one and a balf
parts borax, zinc will be volatilized, and in the moment of coming in contact with
the air, is oxidized and gives a coating on the coal. If the substance contain a
large amount of lead, this is also oxidized and coats the coal, but on moistening
with cobalt solution and heating in O. F., the lead coating is reduced by the char-
coal. and the zinc coating becomes green on cooling. If the quantity of zinc is
ext.v.uely small, it is best to moisten the coal with cobalt solution before heating
the assay.  In the presence of tin and antimony it is almost impossible to detect
small quantities of zinc B. B.

159. Zirconia. This earth as usually obtained gives out an exceedingly bril-
liant light when heated B. B. A dilute hydrochloric acid solution of zirconia, or
of minerals containing zirconia, imparts an orange-yellow color to turmeric paper
when it is moistened with the solution.



Chapter 4.

TABLES FOR THE DETERMINATION OF MINERAL'SPE-
CIES BY MEANS OF SIMPLE CHEMICAL EXPERI-
MENTS IN THE WET AND DRY WAY.

TRANSLATED FROM THE TENTH EDITION OF FRANZ VON KOBELL'S ‘“ TAFELN ZUR
BESTIMMUNG DER MINERALIEN.” ¥

Introduction to the Tables.

THE object of the following Tables is to facilitate the determination of mine-
ral species. By means of a few simple experiments before the blowpipe and in
the wet way, the mineral is quickly limited to a group of a few species; among
the members of this group the mineral is distinguished by other trials, and when
from these various experiments the mineral species is finally decided upon, the
conclusion is confirmed or corrected by reference to the physical characteristics
given in the columns upon the right, and further confirmatory evidence may, if
necessary, be obtained by reference to a treatise on mineralogy. An acquaintance
with the use of the blowpipe, such as is gained by the study of the preceding
pages, and with the manner of performing the simplest operations of solution and
precipitation, is all that is necessary in making the requisite trials.

It is hoped that this little work will be of service to chewmists, miners, and
others, who though not making mineralogy a special study, yet have occasion to
decide upon the names of minerals.

The Tables are so constructed that it is necessary to follow them through from
the beginning, comparing the characteristics of each group and division with
those of the specimen in hand. A trial of fusibility, a fusion with soda, heating
the pulverized substance with acid, and a few precipitations, usually lead to the
desired object, when the order of the Tables is strictly followed, and the experi-
ments are made with proper care.

The method which has been adopted in the arrangement of these Tables will
be comprehended at a glance. The minerals are arranged in two great groups,
metallic and non-metullic, under which heads are various classes, divisious, sub-

divisions and sections, the more generul ones being placed upon the left, until
finally we reach more specific characters, followed by the names of the species, in
the middle of the page, while the remaining columns are devoted to the confirma-
tory evidence of color, streak, cleavage, fracture, hardness, specific gravity, fusi-
bility, and crystalline form. 1In a few cases these physical characteristics are the
distinguishing features of the species, but generally the mineral will be recognized
by its blowpipe and chemical reactions, and the student is strongly advised to make
these primary, since the chemical composition of the minerals is what is desired to

* This chapter includes, essentially, all the material contained in the tenth edition of
Professor Von Kobell's Tables, but an entirely different mode of arrangement is here given,
with much additional matter. The tabular form in which the minerals are arranged was
sugyested by Professor W. T. Roepper, of Bethlehem, Pa., who kindly permitted me to con-
sult a manuscript translation made by him from one of the earlier editions of Von Kobell,
in which a similar arrangement is employed. The Tables here presented, while following

the general idea of Professor Roepper as to tabulation, have been worked up independently,
and contain new features which it is hoped will be of service to the student.
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be known, and naming minerals from their color or other physical properties « -,
leads to serious errors, especially with inexperienced observers, and thes- al. . -
need the caution, since the experienced person well knows the impossibility « f ..
ways recognizing minerals from the evidence of sight. It is thought by this o
rangement of the Tables that more definite ideas of the groupings of minerais v.
be gained by the student, and that he will more readily comprebend which ar t-
general and which the specific reactions of the smaller divisions. Almost all the -+
tablished mineral species are included, but for the sake of convenience, their relat.i-
importance, or frequency of occurrence, or facility of deterinination, has been ivi-
cated arbitrarily by the size of the type in which the name of the species in |riut-i

An attempt has been made, as far as possible, 8o to arrange the goujs as:
divisions, that such errors of observation as are likely to be made, shail not
vent one from arriving at a correct conclusion. Since some minerals occur in ce
variety with metallie, and in others with non-metallic lustre, and since the fusibi 123
of & mineral often varies, or may be underrated or overrated by the experimenter,
and since the constituent elements of some mineral species are not constant, suc
are found under both or all of the divisions to which they might be assigned.

The following general directions may serve to assist in the use of the Tables:—

Lustre. Under the head of metallic lustre only those minerals are includd
which are perfectly opaque. To determine this a fine splinter or thin edge shi.uli
be held between the eye and the light, or fine fragments should be placed upun »
white plate, when, if the slightest translucency is observed, it is iucluded und-~
“non-metallic.” It is evident that opacity alone does not make wmetallic luste,
but that the mineral must also possess the lustre which suggests it to be metailic,
and must not grind to an carthy powder as do some non-metallic minerals sbik
otherwise might be called metallic. In this, as in many other determiuatious
good judgment in the operator will be constantly required.

Fusilility. For determining the fusibility of minerals, the following scale is
employed :

Scale of Fusibility.

{ Fusible in the flame of a candle, i-

1. Stibnite (antimony glance)....... 1 large fragments.
9. Natrolite { Fusible in the flame of a candle, iz
ade AVALTOLILC a0 e 0 00 s 0000 ®e® sace s } ﬂn)all f entﬂ.

Infusible in the candle flame, but essi’s

3. Almandine Garnet (alumina-iron- i fusible B.B., even in somewhat larz-

garnet. ..., cesereentaesaans pieces.
4. Actinolite...... Cheietreearaeea, Fusible B.B,, in rather fine splinters.
S, Orthoclase .. .......... BN Fusible B.B., in finer splinters.
6. Bronzite { B.B. becomes rounded only on the ficest
o A N R R R A 1 l)()il]ts md thilme.t edge._

Splinters of these minerals are kept ready for use, and in determinativns
their fusibility is compared with that of like splinters of the assuy. The evilenor
of fusion is the rounding of sharp edges. It should be remembered that son
minerals swell up before the blowpipe but do not fuse, and other phenomena take
place which without careful observation might be mistaken for fusion.  Only the
O. F. shiould be used, sinee some substances, which are infusible in the O, F.are
easily fusible in the R. F., on account of the reduction of some of their oxides to
a lower fusible state.

Iarinesi—In testing hardness, the scale proposed by Mohs, and almost uni
vermally adopted, is here employed,
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Scale of Hardness.

Tale. 3. Calcite. 5. Apatite. 7. Quartz. 9. Corundum.
Gypsum. 4. Fluorite. 6. Feldspar. 8. Topaz. 10. Diamond.

» scale represents the crystallized varieties of the minerals mentioned. The
1es8 of a mineral is found by finding what numbers will scratch, and what are
:d by the mineral to be tested. Thus, if a mineral will not scratch apatite,
-ul scratch fluorite, it is of a hardness between 4 and b ; or if the mineral is
thed by apatite and not by fluorite, it is of a like hardness. Sharp corners
be used in scratching, and particular care should be taken in this as in all
cases, that impurities do not come in to modify the result; thus a grain of
in some of the impure varieties of galena, if it happen to come upon the
r which is used, would make the mineral appear quite hard, and without
r caution many such errors will be made.
lor.—QGreat care must be taken in forming any conclusions from the color
nerals. In minerals of metallic lustre, the color is generally constant, and
very characteristic, in some of the non-metallic species the same is true;
xperience will teach how greatly the colois of non-metallic minerals vary,
arieties are constantly found differing in color from all that were previously
n. Hence, especially in non-metallic minerals, the color which is given
1 only be regarded as an aid or suggestion in the determination.
eak.—The streak of a mineral is tested by scratching it with a knife or file,
iter, if not too hard, it may be drawn across a piece of unglazed porcelain,
he color of the wark which it leaves behind observed.
scific Gravity.—Considerable skill can be gained by noticing the compara-
reight of minerals held in the hand, and though no accurate determination
us be made, the column giving specific gravity can be used in the field, as
ting whether minerals are heavy or light. For accurate determinations,
pparatus, described in the foot-note below,* gives very quick results and in

lI E \ .

* The specific gravity of minerals is easily taken by means of an

instrument devised by Prof. Jolly. See Fig. 26. This consists of a

graduated strip of looking-glass set in a vertical rod (A) propetly sup-

( ported. A steel or brass wire in the form of a spiral is suspended

from @, and bears upon its lower end the two pans. ¢ and d. The

spring be placed at any desired height by elevating the smaller

rod (C){ as shown in the figure. The pan d is suspended in water in

the glass, which rests upon the sliding support B. At m is a signal

which sbrves as a mark for the stretching of the spiral. The reading

! is taken by bringing the mark and the image of the mark in the

mirror scalé to a level. The =cale d being in the water, the position

——=M  of the mark m is taken = x. A fragment of the mineral, weighing

o from one to five grammes, is now placed in ¢, the support B moved

d downward till the instrument again comes to rest, the scale d being

still in the water, and the position of the mark m again taken —=y.

- Then y—x = weight in air. The fragment is now transferred to d and

the position of m again noted —z. Then y—z = loss of weight in

water. Divide weight in air by loes of weight in water and we have the

specific gravity. As the weight is not abeolute, the manner in which

¢ the scale is graduated is of little importance if it be regular, and hence

the apparatus is easily constructed. This spring balance is known in

Germany as the Federwage, and is furnished by Mechaniker Berberich
in Munich, for nine florins,

“J

riG, 20.
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most cases with advantage, can be made to replace the ordinary chemical b
ance.

Testing for Water.—In order to detect water, a fragment of the assay is placed
in the bottom of the closed glass-tube or matrass and heated strongly. Water, :f
present, coudenses in drops on the cold part of the tube. A trace of moisture wil
be found by heating almost any mineral in this way ; a little pructice enables ove v
decide whether or not the mineral is actually hydrous. Decrepitating minerals may
be enveloped in a piece of copper foil, and thus placed in the tube and heated.

Decomposition by Acids.—1n testing whether a mineral be decomposable by by-
drochloric acid, it must first be pulverized as finely as possible in & mortar, and
then gently boiled with tolerably concentrated acid for ten minutes or more, unirs
the solution is sooner completed. The digestion is carried on in a small glass flusk a
large test tube, or a casserole. In cases where the fact of the decomposition is nat
evident to the eye, by the formation of a jelly, disappearance of the powder or other
effects, the acid must be separated by decantation or filtration from the reaidue,
ammonia or carbonate of soda added in excess, and then a few drops of phosphate
of soda. 'When both these reagents give no precipitate, or cause but a few flocks
to appear, the mineral may be pronounced nearly or quite undecomposable. The
production of a decided precipitate is evidence that it has been decom

Gelatinization.  When silicates are decomposed by hydrochloric acid, the silies
sometimes separates in the pulverulent condition, when the mineral is said to be
soluble in acid with the separation of silica without forming a jelly ; sometimes
the silicu separates from the bases in its soluble condition, and ti:en when the
solution is boiled nearly to dryness, it will have the consistency and appearance
of jelly. Such minerals aie said to gelatinize with hydrochloric acid.

Many silicates not appreciably attacked by acids gelatinize after they have bees
previously ignited, a8 for example garnet, vesuvian, etc.  Several splinters or litde
pieces of the assay are fused or strongly ignited, then pulverized and builel in &
test tube with rather dilute acid ; on evaporating the solution gelatirons lun
will be seen in the remainder; or after standing some time (twelve hours) an ev:-
dent fixed jelly will be found. After adding water, and stirring with a glass r-i,
the solution may be tested for bases if desired. Other silicates, which gelatnze
with acids or are easily decomposed, will not gelatinize or are but little affected by
hydrochloric acid after ignition.

Lyro-electricity. Some minerals when heated become electric, and bave the
power of attracting light substances. Light fibres of wool or cotton, or a deer’s
hair held between the fingers, may be used to test this property.

The methods for all the other commonly recurring reactions will be found under
their proper heads in the preceding chapters.

du secking the name of a mineral it is necessary always to begin with the first
group and proceed in regular order to those following; for it often happens that s
mineral belonging to one group has also the characters of the succeeding ones,
while the minerals of the latter divisions may not show the reactions of the eartier
groups. The same rule is of the greatest importance in the distinctions between
subdivisions and species.  Upon page 63 is given a summary of the classifies
tion—this is merely introduced to save turning the pages, and to give a more
detinite view of the larger subdivisions.

The method of using the table is best learned by some examples, first, withoct

the use of the general clussification.

Aluminite,

It is not metallic, turning over the pages which are headed minerals with
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metallic lustre, we come or npage -, W o mIrTus Withoar menslh, faaem.
to which group our miuerw DHOLSS  ZoWAKIRT 1OV I e AR A Ch 0§ owe
see A.— BB casily volatile or SOMBDETIDIE, WL 8T DOIETR ® D, wak
ing along this column iisere jubows B—BE foscms ﬁniz: ISiee wsouae
eral is iufusible ; turning gver I pagr & we came 3 C—anfas e or fusis
ble above 5. Looking in T neas colIL We fer LT Sn memhes of Ty iseoa
1 are characterized by giving & Wur Co0T WHEL MESEN=C ¥ 111 Solall aininan
and ignived; the mineral upor Tuc i fomnd 76 hetonug bese Tl gran w ween
to be divided into two sections: IL The MINeRE 07 T ¢ Wals? os e :
the other it is absent. By beating i+ SQADRL IL & SLRed Sikss T Viehds
much water; it must. therefure, o songh it secmir & The wanenes o i fina
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not; on trial the powder of the mivera msil‘y. d_iis.'-l'_ra DG 1T IN thenetore. aluRi-
nite. Looking now in the columns on the right e arierninstion miy be sube
stantiated by a comparison with the physical properiies there wabulated. The
chemical constituents and generally the formuins of e min:irals are given, and
should always be noted, so as to fix in the mind the compwsition of the varions
species. The formula for aluminite is ¥ & — “H. In our examiLation we have
detected all three of its ingredients: the aiumina by the blue color with nitrate
of cobalt; the sulphuric acid by the fusion with soda. and the water iu the
closed tube; but when in the determination of a species ali the constituents are
not determined, those who possess the requisite knowledue can, if desirable, detect
the remaining substances by the ordinary methods of mineral snalysis.

An example showing the use of the general classification will now be given.

Bornite (variegated copper).

Looking at the classification on page 63 the metallic lustre of the mineral
places it under I. Itis not a malleable metal. It is fusible and therefore belongs
under A. B.B. it gives no odor of arsenic or selenium ; gives no white coating
which colors the R.F. or other reaction for tellurium, gives no fumes of antimony
but gives the reactions for sulphur, mentioned in division 5, and hence belonés,
to this division. We are now referred to page 67 on which this division is seen
divided off in the second column. Looking now in the third column, it is not
malleable, it gives no reaction for manganese, its streak is not red, it gives no
globule of lead with charcoal (turn to next page), but moistened with hydro-
chloric acid it gives to the flame the blue color of chloride of copper, and it forms
a sky-blue or green solution with nitric acid, which hecomes deep violet-blue on
addition of an excess of ammonia ; of the minerals which give this color the first
give a bismuth reaction, on trial the assay does not, but it fuses to a brittle
steel-gray magnetic globule, it hence belongs among these minerals. It has not
the brass-yellow color of the first three minerals but has the variegated shades of
the next, and is therefore bornite.

The ordinary varieties of mineral coal are included in the tables (see page 96)

It hardly need be aguin remarked, that only pure and homogeneous matorini
will give aat-isf'xcwr_\_' reactions for the determination of minerals. If it is believed
that the mate_nxl_bemg tentod is Lot pure, regard must be paid to the impurity
and the reaction judged of accordingly ; as, for exsmple, many specimens of mnlla}:
tonite (tabulfu- spur) effervence in wcids, and after ignition impart a brownish red
color to moistenod turwwric puper.  These qualities do not belong to the pure
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mineral, but come from an admixture of calcite. Too great haste should not be
exercised in deciding upon the name of a mineral, since oftentimes the difficulties is
the way ofan accurate determination can only be overcome by loug and carcful labor.

On beginning the study of determinative mmemlogy, it is best to examine
known species, until confidence is gained in one’s ability and accuracy. The fiv
lowing miuerals are given by Von Kobell to his students; when these have ol
been determined, the student will be prepared to determine any mineral whick
can be distinguished by this method :—

Aluminite, Lapis-lazuli,
Alunite, Lievrite,
Anhydrite, Lepidolite,
Antimony-Glance, Limonite,
Apophyllite, Mngneuto,
Argentite, Magnetite,
Avrsenopyrite, Malachite,
Atacamite, Manganite,
Barite, Molybdenite,
Borax, Natrolite,
Bornite, Niccolite,
Bournonite, Orpiment,
Calamine, Pectolite,
Calcite, Psilomelane,
Cassiterite, Pyrite,
Celestite, Pyrolusite,
Cerussite, Pyromorphite,
Chalcopyrite, Pyrrhotite,
Chaleocite, Realgar,
Cinnabar, Scheelite, °
Cobaltite, Smaltite,
Cryolite, Smithsonite,
Cuyprite, Siderite,
Datolite, Sphalerite,
Diallogite, Strontianite,
Dolomite, Tale,
Fluorite, Witherite,
Galenite, ‘Wolfram,
Glaucodote, ‘Wollastonite,
Gypsum, ‘Wulfenite,

Hematite,
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¢) Soluble in hydrochloric asid, forming a jelly, or with the separation of silica...... “’?';
d) Only slightly acted nupon by hydrochloric acid., cse.cvu.ue.. . 8
Not belonging to the foregoing divisions. ......ovvevurereaieesrereireriasnnreneennnennnns 9
Part IL—B. B. with soda on charcoal give Xo metallic globule, or fused alone +n R. F. do not
become magnetie.
B. B. after fusion and continued heating on charcoal or in the forceps have an alkaline reac-
tion, and change the color of moistened turmeric paper to red-brown*.................... 80
a) Easily and completely soluble in water. ....ovveeeeeereacnens Creteeriiiaiean, 80
) Insoluble or difficultly soluble in water.........cceoveuiereieieiinninreinnnnss 81
loluble in hydrochloric acid, some also in water, without a perceptible residue; the solution is
not gelatinized by evaporation...........ccceeeiieieans esesseasassane teececenssarnannne 82
Soluble in hydrochloric acid, forming a stiff jelly upon evaporation..........ccoeceeveneeiann 83
a) B. B. in the closed tube give water......... et eseccesancioatraneasaaneanns 83
b) B. B. in the closed tube give no water or but traces..................... ceesse . 84
ioluble in hydrochloric acid, leaving a residue of silica without forming a perfect jelly...... . 8
a) B. B. in the closed tube give water....cocceeeeene... teeessesietistarantetntannes 85
b) B. B. in the closed tube give no water or but traces..... Gsessscascesassessss ... 86
htly attacked by hydrochloric acld, and B. B. give a deep methysﬁne color (manganese)
w the borax bead........cccovnennnnan eseesestneataceoTenorosrassataserscsaransnara 87
otbelongmgtotheforegomgdwmons........ eseerrssaccnsseatnaseacastnsrtssacssatsons 87

C.—Infusible or fusible above 8.
First ignited B. B., then moistened with cobalt solution, and again ignited assume a beautiful

blue color (alumina).. .....ccooveieneeceeannes [ eeeteeeearacatateiitatiantaaas 89

a) B. B. in the closed tube give water. . .............. e 89

3) B. B. in the closed tube give no water or but traces..... eeeeaarennanens reenes . 90

istened with cobalt solution and ignited B. B. assume a green color (zinc)..............c..... 91
r ition B. B. have an alkaline reaction and change the color of moistened turmeric

i 0 TOA-DrOWIL . .. iueeieeeraneanacnocacconosoesosonsannensseesntosonsssensannanss 91
y perfectly soluble in hydrochloric or nitric acid without gelatinizing or leaving a con-

sulBendule residue of silica. ........ vseccssacasesvenne eecsvesss amesssccassassesacsssens 92

with hydrochloric acid, or are decomposed with the separation of silica............. 93

a) B. B. in the closed tube give water............ eeesnraereacnseeatianaansennns 93

3) B. B. in the closed tube give no water or but traces. . ....cciieiiiiiiiiciiiaians 94

belonging to the foregoing divisions.....cecceceeenssescaces esessaacssssaasssasasnssane 94

a) Hardness under 7....... eaeeseoeaenenssncaseersentcscnnsstertereteniononoans 04

3) Hardness 7 OF BDOVE T..e.eveeeceeoncaossoossosarcssacsasassasssnesansccones 96

mmgott has shown that many silicates and other compounds before and after fusion have an alkaline reaction when
_imoed upon tarmeric paper in the form of puwder and moistened with water; but they do not show this reaction whes
mta,
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I. MINER!

A. Fusible from 1—8, or easily volatile,

Drvisiox 1.

B. B. on ckarcoal give the garisc odor of arsendc.

Drvisiox 2,

B.B.mmwmum«mwmuu,mmm |

horee-radish odor of selentum,

Bpecific Characters.

Give to the borax bead a sap-
phire-blue color.

Gives metallic arsenic in the closed tube.
The dilute solution gives precipitate with
chloride of barium of BaO SO,.

As above. *
Gives no arsenic in closed tube. Dilute so-:
lution gives a precipitate with chloride of|

barium of BaO 80,.
associated
69.

§ Compare Bismuth, frequen!
with cobalt ores, Div. 6, page

‘When dissolved in aqua-regia
form an apple-green solution;
with ammonia in excess the

Ot a copper-red oolor.

Gives in the closed tube a sublimate of me-|i
tallic arsenic.

In the dilute nitric solution chloride of ba-
rium gives a heavy precipitate.

solution becomes sapphire-
blae.

Gives a red-brown precipitate with exocess
ammonis (iron).

Gives antimony fumes, and a sulphur reso-
tion with soda on coal.

As above.

% Compare Ulmannite, Div. 4, p. 67.

In the closed tube give metallic
arsenioc, and then fuse, and
after long heating become
magnetic.

Gives sulphur reaction in open tube, soluble|
in nitric acid, with separation of sulphur;
in solution ammoniagives a reddish-brown
precipitate (iron).

paan,

Gives only a slight sulphur reaction. In
closed tube, after arsenic is driven off,
fuses with great difficulty.

LoLr

(Leunco

{3 Comp. Bismuth, Div. 6, p.
Wyb}m“l4' P. gg;

v. 1, p. 72;
Geooronite, Div. 4, p. 66; all
sometimes containing arsenic.

With soda in a matrass give
metallic mercury.

upon charcoal yiclds metallic lead.

B. B. volatile without fusion; with sodaly .} 4,

B. B. fuses and then volatilizes. Gives noj,
lead.

on charcoal

Gives a reaction for sulphur, in open tube or, Gnadn.l

Mostly volatile without fusion,
metallic gray, then white,
mate.

coats the obal at first with a
then greenish-yellow subli-

B. B. with sodw yields with difficulty lead
globules, the nitric solution gives a pre-iC
cipitate with sulphuric acid.

globule.

Give with borax a pure silver

B. B. fuses easily: inO. F., quietly;

with intumescence.

asure-blue.

Solution in nitric acid gives a her~~
itate with hydrochlorio acid (/

B. B. on charcoal fuse to glob-
ules, which after moistening
with HCl color the flame

Nitric solution gives a pre
phuric acid (Pb0,80;).

The nitric solution is not
either sulphurio or hyde~-

Contains 18 per oent. of
the flame
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ympoeltion. Color. Streak, Coavagoor | Hard | 5 Gr. | Pustblity,[C7 gt

3?4+ (Co,Fe,)As. |Gray-white. [Black. Rhombic. xli. 6. Easily, (IV.

a,Sb,As 8. Gray-white. [Gray-black, |45 7.18 Easily. |(IV.

0As. Red-white. |Gray-black. |Cubioc, |5.5 6. Easily. |I.
Copper-red. |Brown-black, (Uneven, 5.—5.5 |7.4 Eagily., [IIL
Tin-white. |Gray-black, |5.5 1. Eaaily. |[IV.

As,. Gray-white, |Gray-black. 5.5 5.6—6.9 |Easily. |I.

LA8, Gray-white, |Gray-black. |Granular, )

(As,Sb). Gray-white, (Black. Uneven, 4.5—5. 6. Easily. |L

(As,Sb). Silver-white, |Black. 5.5 6.87 Easily. |IV.

:As, Silver-white, |Gray-black. [Uneven. 5.5 623 2 Iv.
Silver-white. |Gray-black, 5.5 6.8—8.7 |Dift. IV.

L]

A Lead-gray.  (Black. Granular. |2. 7.8 Vol Massive.
Lead-gray. [Black. Granular. 2.5 7.3 Easily. |[Massive,

ZaS, Iron-black.  |Black. Compact. |2. 7.15 Easily. [Massive,
Lead-gray.  |Gray-black. [Cubic. 2.5  |7.—8. 1.
Iron-black.  |Black, Cubic. 2.5 8. Easily. |I.

, Lead-gray.  [Shining. Granular, Easily. |Massive,

Lead-gray. |Dark-gray. [(Granular. 2.5 7.5 Easily. Massive,
Silver-white. (Shining, Soft. Massive,
Lead-gray. .6 6.9 Easily, |[Massive.
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1
position. Celar. Streak, | C'pvage and| Bard- | o Gr. | Pusibiity, T
Silver-white. |Silver-white. |Basal. 3.5—4. 0.6 1.5 Iv.
3. Steel-gray. [Gray. 3.5 4.8 I
S3, Iron-black. Black, 2.5 6.26 1. IV,
s Iron-black.  |Cherry-red. 2.5 6.2 1. V.
+8b,8S,. Black-gray. 8. |5.9 Easily. (I
+2SbS,.  ISteelgray.  |Gray. Prismatic. |2.—2.5 [6.—6.4 |Easily. |V.
\S. Iron-black. |Red-brown. 3.5 5.1 1.5 L
bS,. Lead-gray.  [Dark-gray. 3.5 4.5—5.1 (1.6 L
3. Lead-gray. (Black. Prismatic. (3.5 4.8 1. IV.
Copper-red. |Red-brown. 5.5 7.5 8. II1.
. Steel-gray. 2.—3. |42 1.5 v.?
b. Steel-gray. 5.5 6.3 3. I
Gray-black. |Gray-black. [Malleable. [2.5 6.8 Easily. |L
Gray-black. Gray-black. |Malleable. (2.5 73 1.5 L
Gray-black. |Gray-black. |Malleable. [2.5 7.2 1.5 Iv.
Iron-black. |Green. Cubic. 35 4. 3. I
Brown-black. |Brown-red. 4. 3.46 3. 1L
Red. Red. Perfect. 2.5 8.9 Vol III.
Lead-gray. Gray. Cubic. 2.5 7.5 1. L
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A.—Fusible from 1—5, or easily volatile.

Drvisiox 6.

Not delonging to the foregoing divisions.

DIvinox 8.—( Continued.)

Bee preceding page.

sulphur and iodide of
tassium give, on coal, a
sublimate of iodide of
muth,

B. in a matrass yield
tallic mercury and leave
spongy mass of silver,

of potassium, coats the
with a red sublimate of
of bismuth.

the
blue.

fusible, Heated

R. F. magnetio.

on
reduced to metallic

before heating.

fine powder, boiled

aqua-regia,gradually
& yellowish color,

borax in O. F, give
amethystine bead.

perfectly with
chlorio acid.

soda easily reduced
metallic lead.

fused with soda, digeste

Specific Characters.

ing a globule of bismuth, and a
on coal. Soluble in nitric acid.

above, but gives & of
of lead with
soluble in nitric acid.
less in the closed tube.
the open no

and the metal becomes sarrounded
fused oxide, which is dark-brown
_hot, and yellow when cold.

with phosphoric a
solution
cherry-red. 1
with metallic lustre.
fusible above 5. [

i
with hydrochloric acid.
times magnetic from associated magnetite. p,

down with phosphoric acid gives
beautiful blue syrup (tungsten). The
syrup is changed to violet by addition
nitric acid (manganese).

5, P
sometimes altered to a metallic
drous silicate; Klipsteinite, Div. 4, p.
and Pnlomdane. Div. 1, p. 70, which
some varieties is fusible.

fusible, swells up but slightly.
Div. 5, p. 78.) \

f\;sﬂ);le, swells up strongly. (See Div
5, p.

d with water and filtered, a green solution

obtained, which neutralized with HCl gives a light-colored precipitate.,

If the latter is di

with strong HCI, and boiled with tin, then dilated

with a like volume of water, it gives a clear sapphire-blue solution.
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aposition. Coler. Semk Ceram i Sxt oo Podimy e
1
Leadgrzy. 6=7. Pommasee £ = IvV.
84+ 3BiS". Leadgray. G=x. ¥ :Casmd <@ b
| AgHg". ‘Silver-whize. G=zay. 2 3534 L L
Silver-whie. 6y MaTearie tas L
Reddish-wkize Wiise. Daml 25 93 L |1n.
4,Cu,0. im.d; l-“u’, :_ 24 3. Scalact.
Sealy.
Bl 820 Wpea Srws. L5655 Infas TIL
A2 -4
f
(]
Iron-black. Eack Omateimal 3.5-£54%32 5. L
Enyii. ellow-biack. Dimy-weise Poscacie #5 %9 n Iv.
‘Black. Browx. Prr=azie #.5 41 3 IV.
w. Black. Back. Poecazie. 55 T B. V.
| ]
! ] ‘
'
n8L Black. Boack. 5 554 554 25 IV
' [
D1, ¥e,Ca,Si Brown-black. 6z37. i 5548 3.—42 25 V.
l'lm-hhﬁk. ern. | .3 '
Dack red- 554 5.8 45 IV,
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I. MINERALS W

B.—Infusible or fusible above 5, and non-volatile.

Division 1.
B. B. in 0. F. a very small quantity gives to the doraz-
tine red of

A

bead the

General Characters.

Specific Characters.

With hydrochloric acid evolve

Moistened with HCl colors the outer flam
beautifully blue (chloride of copper).

Div. 2, below. Huauerite and,
Alabandite, Div. 5, p. 67.

chlorine. Contain little or no Color brownish-black.
water.
Color iron-black to steel-gray.
____ Prismatio cleavage very perfect.

Yields much water in the closedIn the hydrochloric solution sulphuric aci

tube. generally yields a white precipitate of su

phate of baryta.

t3® Compare Franklinite,

Drvision 2,

ting in R, F. b

B. B. on chAarcoal qfter long A

Decrepitates, and gives much water in th
closed tube.

(sometimes but slightly).
With salt of phosphorus in
R. F. give a bottle-green
glass, which fades on cool-

Streak always cherry-red.
Slowly soluble in hydrochloric acid.
Vith soda gives the manganese reactio:
and on coal in R. F. gives a faint yello
Magnetic without heating sublimate (ZnO).

Strongly magnetic, does not give above n
actions. Difficaltly fusible.

In the solution after the oxidation of tt
protoxide of iron with chlorate of potas
and its precipitation with an excess of an
monia, phosphate of soda gives a precip
tate of the ammonio-phosphate of magn«
gia in the filtrate. Jacobsite gives a stron
__manganese I reaction.

ca- Compare “Menaccanite, below.

The fine powder boiled with hy-
drochloric acid, filtered, and
the filtrate boiled with tin-
foil, gradually assumes a
beautiful blwe or violet color.

"More easily decomposed by treating first w
sulphuric acid and evaporating to drynes
and then treating with HCl and tin-fuil.

L~ Rutile, Anatase and Arkansite some

times become magnetic after long heating

Streak ochre - yellow (some-
times has a sub-metallic
lustre).

Much water in the closed tube.

¢~ Comp. Siderite and Blende,
Div. 4, p. 93, sometimes with
metallic lustre ; also the min-
erals of the following section,
especially Chromite.




TALLIC LUSTRE.

1
Composition. Color. Streak, Cieavageor | Hard- | gy ar. aliz-
gn) FeCr. Tron-black. [Brown. Uneven. |5.5 4.3 L
ite.| MoS®. Blue-gray. Greenish. Foliated. (1.—1.5 |4.6 V.?
C. Iron-black. |Black. Foliated. [1.—2. |2, 111
A Iron - black to
Cali yellow. Gray. 5.5 4.03 I
. |Ir,0s,Rd,Ru. Tin-white.  |Gray. 6.—7. (19.8--21.1]IIL
. Y. U.fe Yellow to . .
ite |Ca,Y,U, e, Ta, W' biack. Grayish. Conchoidal, {5.5 5.7 Iv.
Fe,Mn,Ta,Sn. Black. Brown-black. [Brittle. 6.—6.56 [7.—8.  |IV.
. |Fe,Mn,Cb,%a,Sn. Black. Red-black,  [Brittle, 6. 5.4—6.5 (IV.
2. |Y,Fe,U,Cb. Black. Pale-brown. |Conchoidal. {5.5—8. |5.8 IL
rE | Brownish- Conchoidal
de). Ue black. Brown-black. [~ oco " (6.5 6.4—7. |L
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IL. MINERA

VA AT S aldeedt il o O BRICNCINT INRSS,

2wl ) mues o6 2bit

B Fuadv from 1—4% and 28 volatile, or caly partially wolatile.

H .

l .

hinnax 2
Su AL JNY @ pASRl @f ol

General Characters, Specific Charscters,

'Fused in a salt of phn?ilhom b:t.d'm'i
ive coatings Das been saturated with oxide copper. M
B'ol;'l:hc::mz:y_ s colors the flame biue (chloride of mu’). i
.Gives water in the closed tube.
Fnsedm forceps in R.F. ay-hlhmueod—
B. B . , ing. (Like Pyromorphite.)
"tcal 3 charcoal give arsen- y variety of Mimetite containing phosphate;
¥ or8. of hme, gives the reaction for phosphoric
acid.

The cold nitric solution gives.\Ot easily reduced to lead on coal, but fases
. :: to a globule, which, on cooling, becomes'
with molybdate of ammonial plainly crystalline ; gives the chlorine reac- .
a yellow precipitate (phos-
phomolybdate of ammonia). go;pew:th salt of phllphornl and oxide of]
Imparts to the borax béad an emerald-green
color, which in O.F. becomes light olive-
green, then yellow, and finally colorless. |
Imparts to the borax bead an emerald-green (
color, which is constant in both flames.
Color red. Streak orange.

As above. Streak brick-red.

Gives with borax a yellow glass, which be-
comes colorless on cooling.

With soda gu-eu the reaction for snlphnr.

Color azure-blue. Heated with nitric acid sulphate of iead Li

separates. Gives water in closed tube.

The solution gives with nitrate of nlrerlm
precipitate of AgCL .

The partial solution gives with nitrate of L:
baryta a precipitate of BaOSO,. l

Disolve 1 nitric acid with |
effervescence, Not affected by the above reagenta. |

XX st oA

The same as lanarkite, but is oﬂ.horhomblc [‘
in crystallization.

The same as lanarkite, but is llengonal St
(rhombohedral).

Soluble in nitric acid without. Prismatic cleavage very perfect. M

effervescence. - | l—
The wolutions give heavy preci- Crystals tabular, cleavage imperfect. M
l pitates wn.h nitrate of silver. | ¥ pe '

B. B. with roda eaxily reduced with the for- ;

I'Mﬁl ultly mluble in nitric acid.. . mation of a sulphide.

ln:u:;l; ';: i:mlz:::l":fm;,’:& ’:f)': Heated on platinum-foil with a drop or twl')|
grm-ni.u;: nolation. which. di-! of strong sulphuric acid until copious
Inted with water and ngit;nt,edr ‘f)‘"’“‘: e]‘""l’e' and allowed t‘;l°°°l then:
:nilt;tin-foil, assumes a blue' blt;:tc;‘;ornpon. acyuires an Lumume—I

Decomposed by sulphuric acid, \\'ith salt of phosphorus gives in O.F. a
leaving a lemm-)ellow resi- colorless glass, which in R.F. becomes St
due. The acid is not colored. | blue on cooling. I
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nposition. Color. Cleavage or Lustre. Hard- | 8p.Gr. |Fasibiity.| C7stallk
CL Brown-yellow. Resinous. 3. 7.02 IV.
»+4H. Brown-yellow. | Brittle. Resinous. 4.7 Amorph,
PbCL Yellow-brown. Resinous. 8.5 7.1 L II1.
Xs,P) + PbCL [White. Adamantine. |3.5—4. |5.45 L 1L
>bCL White, brown, piitle.  |Resinous.  [3.5—4. 65—7.1 |15  [IIL
green,

0", Red. Greasy. 3.—4. (6.7 Easgily. (Massive.
Hyacinth-red. [Prismatic. |Vitreous. 2.6—3. (6. 1.5 V.
Hyacinth-red. |Perfect. Resinous. 3.—3.5 |6.7 Iv.
Red. Dull. 2.—3. 1.

I Azure-blue. |Prismatic. |[Vitreous, 2.5 5.4 Easily. (V.

ClL White. 3 cleavages.|Adamantine. (8. 6.2 Easily. |[II.
Greenish- N

C. whitetoyel-(C%a, PT"|Adamantine. [2.5  [6.3—7. |Easily. |V.

low-gray. -
. . Vitreous to s
White, Conchoidal. adamantine. 3.5 6.4 Easily. |IV.
m White, yellow-|p. . : Pearly to
bl. _8"‘33:- Prismatic. resinous, |20 6.3 1.6 Iv.
bC. White, 7ellow" |Bagal, Resinous. (2.5 (6.5 1.5 |uL
b. Colorless-white| Prismatic. |Pearly. 2.5 7.—7.1 |Easily. [IV.
Green to yel-|Basal, im-
[ low-white, perfect. Pearly. 3. 7.2 Easily. |II.
White. Conchoidal. |Adamantine. 3. 6.1—6.3 (1.5 1v.
White-red,
generally  |“ctahedral. |Resinous, 3. 6.9 1.5 1I.
yellow,

Brown, yellow Resinous, 8. 7.9 2, II
to red. . . : : :
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B—Fusible from 1—5, and not volatile, or only partially wvolatile.

1. B. B. with soda on charcoal give a metallic globule or a magnetic mass.

Division 8.—(Continued.)

Molstened with AydrocAloric acid give B. B, a deautiful dlug color to the flame, and with nitric acid give a solution whicA on addition of an excess of ammonia

bervies riolet-blue.

IL. MINERALS YV
Bpecific Cbaracters. '

closed tube, and fmm

the flame blue —_—

out previous moistening n .
with HCL The nitric \eary the same reactions. Tall
solution yields a pre-
cipitate of chloride of

silver with nitrate ;
silver. _
Narp
soluble in water; the others ]
not. ‘n
B. with soda give
sulphuret which on
tening blackens silver.
copper
and quietly hat
in acida. ‘M
ta: +bls
wi
al
in nitric acid
effervescence giving
carbonic acid. ives with soda
The
silv

Easily and quictly soluble Loges 7 per
in nitric; the solutions
give witl ‘

| a
b

-: :g‘::::: wglzzel:‘ color, The solution gives. when warmed with

lybdate yellow " .
of
green precipitate, and Perfect basal cleavage. precipitate

blue solution.

v



ALLIC LUSTRE. 5
ition. Color. Cleavage or Lustre, Hard- | sp. Gr. |Fusibility. 'c"’:i:l'"“'
Leek-, black-,
,CLH. olive- emer- [Prismatioc. |Vitreous. 8.5 4.25 Fusible. IV.
ald-green. ! |
!
,CL 1. Blue to green. 3. 3.5 (?) [Fusible. [Massive.
VAL Sky-blue. 2.5 L
‘White.
Sky-blue. 2.5 2.21 Easily. |VI.
Emerald  to |
): blackish-|Prismatic. 8.6—4 8.4—8.9 [Easily. (IV.
green. l
Indigo-blue- : ;
blnci. Basal, !1.5—2. !4.6 I1I.
[+H Greenish-blue. ‘25—3 8.5 Tv.
s Earthy, .
Cochineal-red. (Octahedral. adnmantx'n e. 3.5—4. |6. Easily. |[I.
Black to . .
brownish- Metalicto |3 |595  (Difficuit)ry
black. J- 3.
t o - ;
Grass o omer|Fibrous, |Silky to earthy 8.6—4. 3.8 2, V.
L Blue, Vitreous, 4. 8.7 2. v.
Bluish-green. Pearly. 2. D l';icml' Aciculaz,
Celandine to . .
emerald-green Vitreous-silky 3.—4. [3.85
. Dark olive- :
. green. Resinous. 4, 8.7 2. IV.
I+H. Dark-green. Vitreous. 4.5—5. 14.2 2. Iv.
; Verdigris to 5 —
B | Tt Vitreous.  [3.—4. |4.07 v. .
Grass-leek-
+70, apple to emer-|Micaceous, |Pearly. 2.—2.5 3.5 2.5 IL
ald-green.
Olive-green tolp ., Pearly. 3.—8.5 3.5 Easily. [[IL

lemon-) ellow.




B.—Fusible from 1—8, and not volatile, or only partially wvolatile.

L. B. B. with soda on charcoal gire a metallic globule or a magnetic mnass.

Division 5.

B. fused on charcoal in the R. F. give a dlack or gray magnetic mass, dut do not give the reactions of the preceding

Divmion 4

B. B. tmpart a beaut{ful sapphire-

5) Boluble in HCl without leaving a perceptible residue, and without gelatinizing.

blue color t a boraz bead.

a) During fudon mlve.-n -

arsenical odor.

IL MINERAILS V

General Characters.

B. in Es
In HCI soluble to a rose-red solution. oot
col- acid, with evalution Het
1— Az
nitric solu- . aiv

; an excess to & sapphire-blue
tions have a green color. solation, } [™

easily B. B. to :

netic beads. The !
| Pha
r
solution of caustic —
Scx
Az

in water.
-E
i
i
Ip
B. swell up and in in water, leaving

reactions as Botryogen. Their pow-
ders are immediately turned brownish-
) red by solution of potassa, )
a greenish
which in the air _
to brownish-red; all ex- |
cept Pettkoite.give much

water in the closed tube. [ C
in water; powders yellow. < l—
-
v.
HCI -



) METALLIC LUSTRE.

position, Color.
+5H to
(R=Fe,  piacx
to
B lavender-
blue.
2 bluish, ete.
R
shades of
blue.
'+15H.
(with F1).
to red-
dish-black.
Pe,SLH.
'1Si)H-
,SLH.
A.
“Si, 1
'a,Na,K,H,
s Na.E, black.

Clea
Practore,  Lemre
three di-
rections.
ous,
pearly.
to bril-

fibrous, liant metallic.

compact.

Hard-
8p. Gr.

(4

tion.
Easily. V.
1.5 IvV.
1.5 .M
5 .
. Amor-
Elllly. ph ous.,
3 Iv.
7 Mass.
87
III.
IIL
76 Easily.
91
5 Easily.
Easily.
7 Easily.
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B. Fusible from 1—8, and not volatile or only partially volatile.

I.B.B.uithwdamda;tmalgiwa

Divisiox 6

Not

II. MINERALS WI

General Characters. Bpecific Characters, | Opact

Fused with sods, and then dissolved in l!Cll
and treated with ammonia to separate iron,

qniet.ly to a _ the filtrate gives with oxalate of nmmonn
shining glassa, . @ heavy precipitate (lime).
no lime when treated as above, 'Aallu
tusible (1.7—2) water in the closed tube.
strong intumescence i
mof gas bubbles Yields no water in a matrass. ,‘w
at
ling. Gives water O"ml: ‘l:oul granular masses, or ﬂnh' Gl-a:

matrass.

.6, p. Tourmaline,
.6, 87. Compare
Subdivision o,

78.
PR T D o e
) sor wil t of phosphorus -
;:m‘gihﬁom;' gives a bead which when oold is beautifully Molyb
foil. '
perfectly with HCL Bulytize

|
with sulphur and;
iodide of potassium on Doe:.;z;gahﬁnin dissolves with effer- Bismusz:
charooal give a fine red!
sublimate on the ooa.l

|
Wlt.h salt : ,
g;m Walpurgite, " o o F.ot phosphorus gives a green hudP a
p. 82,

" t@ Compare BSamar- l

skite, Div. 6, p. 69; Adan-
ite and Lepsdomelane, Div.
5, p. 78




FALLFC LUSTRE P2 ]
pestien, ‘ Ouier. ‘ ——- ! T, ! Bt | o ke O
&&'. ark ' l ' l . :

. e Splemdet 54 33 23 YL
Fe,Mim. Binck. 5 5 ) ! ! !
30 'Clexvalble at . )
P4+ W l blackish sngie of Vitresss. [ § 34 L § .
groem. 3. '
Groem 0 bo¥- poy oy SNy 32 ey,
Perfoctaten .
'lht. ) *w_"i‘ln-. ] 3¢ 3 .
g & SR rwci't ®sealy. Dall Seft 12 IP;HG :
| ‘ i |
)
hulphu r-! ' ' . ' L
;—;;:, yo-, 'Silky, earthy. 1.—8. 435 . .
o ! I ! N H
: | |
Dark hair- X i
Wwoen to ‘Resinous. 43 €1 Bamly. L
yellow. i | ' 1 l
Wiite to yel- Dall 4456356 Baslly. Ameph.
| ! : ! !
[Reddish- Vitreous ! '
brown. !B_L ' M.{ n Enaily. in.
| : |
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B. —Fusible from 1—5, and non-volatile or only partially volatile.

II. B. B. with soda on charcodl give no metallic globule or magnetic mass.

Drvision 1,

B. B. qfter fusion and con‘’inued heating on charcoal or in the forceps have an all

ge the color of moistened turmeric paper to red-brown.

and

in water,

B. on charcoal
grate strongly.

& matrass yield
water; the aqueous

lutions react alkaline,

and effervesce on
tion of an acid.

aqueous solution
not react alkaline;

not effervesce with acids.

Chloride of barium
an abundant white
cipitate of sulphate
baryta, which is
ble in acids.

no precipitates in
aqueous solutions
chloride of barium
alkalies; with nitrate
silver yield a heavy
cipitate of chloride
silver; the reaction
not alkaline,

Moistened with strong

phuric acid gives a
tlame (boric acid).

II. MINERALS WT]

Bpecific Characters,

on um wire oolors the

violet. In the solution bichloride of pla- Nitre.

tinum produces a yellow
cipitate.

on
strongly yellow. Bichloride of
no

on exposure
and to thermonatrite.
not alter on exposure.
a
soda. and

solution yields a flesh-red mass (50
cent.

a
ed and with
a blue mass.

solution

a precipitate.
above reagents ;
water in the closed tube.

affected  the H
no water in closed tube.

epsomite—14 per cent. water.
epesomite—13 per cent. water.

epsomite—21.5 per cent. water.

epsomite but does not effloresce in air.

water
to C.

a heavy precipitate with bichloride
platinam,

no precipitate with bichloride of
tinum.

alkaline; does not effervesce
acids; bubbles, swells up, and fuses to
clear bead B. B.

trite.

KaLn
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wosition. Caloe. Cleavago o | Lustre, Hard- | gp. Gr. | Pusivility, [Crgallioa-
L White, Fibrous. [Silky. 1. 1.65 1.
. Vitreous, "
+50. Wlnte. pearly. 3.—8. [1.99 Easily. |V.
White-gray. Vitreous. - 8.5 4.3 3. IV.
Leek-green to
green-yel- 4. 8.18 Stalact.
low.
Colorless, (In 8 direc-|q: :
gray-white, | tons. 8Silky, vitreous. 3. 2.3 2.5—8. |V.
Yellow to :
+2CaS +21. brick-red. Vitreous. 2.5 [8.77 1.5 IV.¢?)
Yellow to
Vi 3 3. 1.6 A
gray. treous. 5 2.7 V.
Colorless, portact in 3|y
wlnt:;-‘:lne, directions | ¥ itreous 8.5 2.9 2.5—8. (IV.
All colors,
whtto - yellow, B%%h  PeT"\Vitreons,  [2.5—8.5 4.5 8. Iv.
blue. g
Colorless, |Basal, per-|y. .
white, blue, | feot. Vitreous. 8.—8.5 8.9 8. 1V.
White-gray. Vitreous. 2.—2.5 3.7 Easily, (V.
White to |Basal .
FI* black, foot. Pervitreous. 2.5 8. 1. 1v.?
All colors. Octahedral. |Vitreous. 4. 8.18 8. 1.
IFP. Snow-white. 4. 3.72 8 IL
+AVFP oy Oolorices- Vitreons. .  [2.5—4. (275  |Easily. V.
+ AI'FD, White. Vitreous. 2.5 8.1 Easily. |Mass
FI* White. 4 8. Easily, |II.
FI’+4H. |White. Earthy. 2,
e White, pink, .
', Si. gray-yellow, Hexagonal. [Vitreous. 5.—8. [2.5 2.5 L
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II. MINERALS WIT

B.—Fusible from 1—8, and non-volatile or only partially volatile.

soda on charcoal give no metallio

{8 not gelasinised dy evaporation,

Solubdle in Aydrochloric acid, some also tn

Specific Characters. &

arsenical fumes on
charcoal.

Fuses easily; with strong sulphuric acid it
sres off hydrofluoric acid, which corrodes Durax
ass. !
‘Gives an amethystine bead with salt of phos-
| _phorus (oxide of manganese). i
Gives a green bead with salt of phosphorus
(oxide of uranium ; with 8 + KI gives a red Walpx
sublimate on ilnmod (iodide of bismuth).
Gives a green bead with salt of phosphorus,
but no reaction for bismuth. Troge

Gives on charcoal a coating of oxide of ginc. Adam

Chon

Soluble in water. Colors the

borax bead violet when

Gives much water (40 p. c.) in the dond'rm
tube.

hot (oxide of manganese)
. . . i Tochs
Moistened with a potash or soda solution:
Soluble in water. G@ive a; gives an odor of ammonia. | (‘:

sulphur reaction with
soda on charcoal. Fuse
when first heated, and
swell up to an infusible
mass,

After fusion moistened with nitrate of
cobalt and again ignited becomes blue Aluno
(alumina). i

Afht:lrfudgnmoiutmedvithnimdoo-'

t and again ignited becomes green :
(oxide of zinc). I it

‘Treated with caustic pot-

ash or soda gives the odorl

of ammonia.

Gives much water in a matrass. STRU

'B. B. fuse easily with in-

tumescence, and color jgmition.

the flame green (boric
acid). Give the boric
acid reaction with sul-
phuric acid and alcohol.

;Imparts a violet color to the hot borax M:Su-e:
_ (oxide of manganese).

iSolnble in water. (bori
Insoluble in water, gives 26 p. c. water OB Hrdr

Gives little or no water. BoRra

Like Hydroboracite, bat contains only 7p. ¢.gyqine
| water.

'Like Hydroboracite. Its nitric solution
gives a yellow precipitate with molybdate Liinet
of ammonia.

t&~ Compare Boraz, Div. L., p. 80.

/Give with borax a violet
bead (manganese.)

¢~ Compare Alabandite and Hauerite,
which give off sulphuretted hydrogen
! when treated with HCL (See Div. 5. p. 67.)

phuric acid color the. faint white light.
- flame pale bluish-green.' A T £
| The nitric solutions give. Fuses quietly at 5; insoluble in dilute hy-|

with molybdate of am-| drochloric acid.

monia a yellow precipi-! . . -

tate (phospho-molybdate Reacts like apatite, but also gives much

of ammonia).

Wagne
Moistened with strong sul- {5 the closed tube phosphoresces with * Kijer

A

B

Iso

Fuses at 8.—3.5 with bubbling; scluble in
i dilute hydrochloric acid.

water in the closed tube (26 per cent.).
ISame as above. \Water=18 per cent.
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|Crymlliu-

aposition. Oolor. Cleavage or Lastre. Hard- | gp.Gr. | Fusibility, O
S hepimasnGreen, gray. (Cloarsble al e, 6. 811 |2 VI
e O replaced|” . 8 106°, eous, 3 . . .

Gray-white. |O1Savable abiviproons  f6. .04 o, VL
Lemon to sul- .

I+7H. phur-yellow, Basal, Pearly. 2.—2.5 3.1 2.5 A
‘White.

. Colorless,

)Si. white- Vitreous, 5.5 3. \A

yellow-red.

H. White-pink, |Prismatic. |Vitreous. 4.5 2.7 Easily, |II.

He. White to red. Vitreous. 5.5 2.25 2. IV.

,S,5. Ash-gray. Vitreous. 5.5 2.4 Easily. |I.

e, White. Prismatic. |Vitreous, 5.5 2.2 2.2 V.

i, Whito-g%aJ, | prismatic. (Pearly. 35 |23 Easily. V.

1,0. White. Glassy. 5. 2,54 IIL

,§i,3n. White. Fibrous. Silky. 5. 2.3 Easily. |?

25i,2)H.  |White. Prismatio. [Vitreous. 5. 2.35 2. Iv.

ASi5TL | White (red). Vitreous.  [4—4.5 (2.2 8. Iv.

i1 Bluish-white, Splendent. |45  |2.26 Easily. [IV.

white.
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II. MINERALS W

ible from 1—8, and non-volatile, or only partially volatile.

mass.

IL B. B. with soda on charcoul gice no metallic

Division 4,

Solubdls in Aydrochloric acid, learing a residue of silica withous forming a perfecs jelly.

General Charactera. Bpecific Characters. 1

borax gives the ame- Treated with HC] evolves chlorine, and silica
thystine oolor of man-| separates as a slimy powder. Gives 9 per Klips
ganese. _oent. of water on ignition.

Fuses with slight intumescence to a white
enamel-like glass. Yields but little water. Pxc1
After fusion gelatinizes perfectly with

decomposed by HCl,! hydrochloricacid. .
the silica separating in pyuges at 1.5; colors the flame violet (pot-
gelatinous lumps. Afte'i ash) ; yields much water; after fusion is Aru?

‘!;? "’tll"m";’“ﬁ of gi?:: but slightly attacked by acids.

silica, the solution ) - — —
; : Fuses at 2.5—3, with frothing to a milk-

:v:l}lg?l?mr::l!ni::f:-r only|™ Shite glass : ’yieldl much water; after Okec

precp _ fusion but slightly attacked by acids. |
83~ Compare Xonallite and Sepsolite, Div.
5, p. 83.

like
the preceding. After|B. B. at first becomes opaque, bat hnw
the separation of the, quietly to a clear glass. Occurs usually in
gilica the solution gives| trapezohedrons and cubes.
with ammonia a copious
precipitate.

The dilute HCl solution
giveswith sulphuric acid Fuses at 3 with intumescence. (ContainsBrew
a white precipitate! 13 p. c. of water.)

(Ba8). ¢ Compare Jlarmotome, p. 87. __
Yields but little water (4.3 per cent.). The'prea
others give from 15 to 20 per cent. '

B. swell up more or less, Distinguished by ita rhombohedral crystalli-

and fuse with contor. Zation and imperfect cleavage. Cl:\_’

tions to enamel - like Perfectly cleavable in one direction. Ortho-

mosses In the solu- rbombic B. B. intumesces strongly. o1
tion from which the'Perfectly cleavable in one direction. Mono-
gilica has been clinic. Lustre very pearly on one face. HXCT
ammonia producesa B. B. intumosces strongly.
cipitate. ___perfect cleavage. Intumescence less. Hyp
Fuses with scarcely any intumescence. Mord
Fuses at 3.5—4 with intumescence; not ‘—
cleavable. (Water = 9p.o)
Fuses quietly at 4.; cleavable in one direc- P
__tion. (Water =11 p. ¢.)
Exfoliates in worm-like forma. Vert
minerals. the hard- Exfoliates prodigiouly. Jzn
ness of which is not Swells up; fuses with difficulty. (Water =3

above 3, are softer than; 13p.c) !
the other minerals of Swells up and fuses to a white enamel
this division. (Water = 21 p.c.) K

Swells up and fuses to & brown glasa Mao

_ Water=4p.c) o wil
Exfolintes slightly; fuses with difficulty to
a brown-yellow blebby mass. (Water =
13 p.c.)
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mposition, Color. Cleavage o Lustre, Hard- | gp. Gr. | Pustbiity.| el
Dark liver-
Dnull to sub-
LA grown to metallic.  |0—0-5- (8.8 Amorph.
{a+3M)SL  [White to gray.|Fibrous.  (Silky. 5. 2.7 2, V.
Colorless, Vitreous
+}H)'8i + A8i| white, rose-|Basal. ) 5. 2.3 1.5 IL
red, yellow. pearly.
la)8i+4.  [White. Fibrous. [Pearly. 4.5—5. (2.8 Easily. (IV.?
Colorless to Not o
white, gray,|Not cleav- |[..
L%: ) green. yel| able.  [|Vieous.  [5.—55228 25 I
low, red.
4Ba),8i" A%, |Yellowish- (Prismatic. [Pearly vit- |5, 3.45 8. V.
white to gray. reous.
%e), 8i', A Ag}:n?‘;’gm Basal. Vitreous.  [6.—6.5 (2.9 2, Iv.
. N .
Na,K)), %1,8it, White, tlesh- Vitreons.  |4.—5. (3.1 Easily. |IIL
5:0 White, yellow- priematio, [FeaZlY Vit- g5 4 la16  [a—25 |IV.
. Clinodiag- |Pearly vit- '
5] White-red. ! oy 3.5—4. (2.2 225 |V.
KL 4}Si H°.  |White. Fibrous. |Vitreous. 3.5—4. (2.2 Easily.
EL8i° A%  |White. °°:r‘;'°ﬁ°n' Silky. [5. 2.08 Easily.
381, White-yellow. Silky. 2.5—8. 2.9 3.6—4.
* AL &) -l
g.*'*( 1,€x) Agg:led-m Micaceous. |Pearly. 8. 2.74 4, v.?
L8i,H. Brown-yellow. [Micaceous, |Pearly. 1.5 2.75 VL?
L8i, A, Brown-yellow. (Micaceous, |Pearly. 1.5 2.8 IV. ?
N\ u 3
URE Co L - 3. 261  [Difficuls. |Amorph,
1,811, (Groeniah - yel- Micaceous. [Pearly. 15 (23
AL 81, AL Dark-brown. |[Micaceous. |Pearly. 2, 2.8
wFe, X181 1. |Gray. Micaceous. |Pearly. 1.5
,AL81,A. [Bronse. Micaceous. [Pearly.
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B.—Fusible from 1—8, and non-volatile, or only partially volatile.

IL B. B. with soda on

a pexfect jelly.

BSoludle in AydrocAloric acid,

water.

B. in the closed tube

General Characters.

=4.—4.5. Cleavable.

tusible (F=5.)

an

black shining glass.
ficultly decomposed
acid.

84.
. ; also scaly
sve.
to a
HCI solution

ated with addition
tin-foil assumes a
color (titanic acid).

with intumescence

2.5 to a white

glasa, which cannot

1y be further fused.
separates

flocks; the acid

when boiled with tin

comes

in two
with an angle of 94°.

with oxide of

II. MINERALS

Bpecific Characters. 8

quietly at 3. to & milk-white
The dilute HCl solution colors

at
quietly at 2.5—3. to a yellow-
glass. With salt of phosphorus in

- reducing flame gives a violet color

water with avidity,. (HA=10p.c)
not absorb water. (Water =20 p. c.)

but little water. The
solution gives with a
greenish-gray precipitate.

nite of subdivision.

gelatinizes. Color, sky-blue.
with intumescence to a gray enamel
a lithia-tlame.
silica separates as gelatinous lumps.
silica sepan.;tes as a slimy !
composed, the silica separating in
tinous

in two directions. bl
P.

solution colors turmeric paper
yellow (zirconia reaction). Easily
at 8 to a light-green, much-bhstemd glasa.

of colora.
= 4.5. Qelatinizes with acids.

fusible,
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position. Color. Cleavageof | Lustre. Bard- | 8p. Gr. | Pusibility.| Ol
PSP+8H.  [Straw-yellow. | Selate gy 5.—5.5 (2.9 8.5 Iv.
+$X1)’5i%.  |Brownish-red. Vitreous. 7. 4.3 3. L
Mn, Fe, A1) )*(Cherry-red to|p. : ; ;
reddish-brown Prismatio. |Vitreous. 6.5 8.4 3. V.
Rose-red, |prismatio, |Vitreous. |6 3.6 2.5 VL
brown.
it Pale-yellow. Vitreous. . 2.9 3, VL
White. Sub-vitreous. 3.5 2.55 Easily. [Amorph.
White, brown, Vitreous.  [4.5—35. (6. 5 1I.
green-red.
K, Li, 8, FL W:‘;rk-my Micaceous, |Pearly. 25 |3 2.5 Iv.
JH,FL White. Micaceous. [Pearly. 2.6 (2.7 cﬁ‘lﬁ;_
Brown to 3
white, Foliated. (Pearly. 2.5 2.6 5.
i,H. White, Foliated. |Pearly. 8.5 2.8 4.—4.5
8i,A. White, red, aficaceous. Pearly. 4. 2.99 4.—4.5
gray.
* White, gray- .
si. pink. Basal. Greasy. 6.5 2.45 3.5 V.
. White-gray, . : .
+1ADSis green-pink. Prismatic. |Pearly. 6.5 3.18 3.6 V.
Si,FL Green-white. |Basal. Vitreous. 3.5—4. (2.97 3. 1V.
1 White-red. Vitreous. 4.5 2.45 8.5 1Iv.
Gs Clove-brown :
(a,8i,B. to pearl-gray. Vitreous, 6.5—17.6!3.27 2, VL
L. Black, brown,
Mg,8i,13,FL | green, blue, Vitreoue. 6.5--7.5(2.9—3.8 |3.—5. |[IIL
pink, white.
Brown, green,'s, . . . .
yellow. black. !Pnsmaf.w. Vitreous. 5.—5.5 13.5 3. V.
Honey-yellow. Prismatic. |Vitreous. 6. 13.48 3. iII‘.
4,15,8.  |Brown-black. Resinous.  [6.5  [3.7 3. IV,
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B—B. B. Fusible from 1—8, and non-volatile, or only partially volatile.

magnetic mass.

II. B. B. with

II. MINERALS 1

General Characters, Speaific Characters.

, 0. Has two perfect cleavages at o,

at 4. Shows striations on one cleav- 4;
age surface.

6. Fuse quietly. . -
Fuses at 3.5. Striations as above. (
Fuses at 3.5. Striations as above. Gi;e;.l.

water in the closed tube. Phosphorescent. :
Fused with soda, the silica .epsnted from
the hydrochloric solution, gives with sul- Bv
phuric acid a precipitate (baryta).
3~ Compare Labradorite, Div. 4, p. 86.

tinize with acids after 'Fuses with intumescence at 3.

‘Hardneu—G 5. Fuse with’ ‘Fuses to a whitc or yellow slag. Zn
swelling and intumes-; -
cence to a slaggy mass.

They gelatinize with Fuses to a black or dark-brown alag.
acids after fusion. i
iFnau quietly at 3 (grossular) to 4.5 (pyroper 01'
Hardness, 6.5—7.5. Gela-; Ve

fusion. Resembles grossular (but does not gelatinize
after fusion).

Includes many varieties, from the coluriess
divpside and white malacolite to biack,

8. Cleavable at| augite; light-oolored varieties fuse to a

an angle of 93°. white glass, while the dark give a black Py

glass. The Kaa is recognized by the

cleavage and habit of crystal, the rariety

only by experience.

Fuses to a white glass.
Finely fibrous with fibres easily separable.

| ¥

5.5. Cleavable
at an angle of 124°.

Ifiir_l:?l

Fuses to a black or green glass.

As above under pyrorens. The species in-
cludes tremaiite, asbestus, actinolite, and'
many darker colored varieties. Can be'
recognized by the cl-avage, but the varie- '
tiea can only be learned by experience.

Fuses at 4. [Exfoliates, . .
and yields water in  Occurs in thin short fibrous layera,
matrass.

at2. Gives waterin ;
a mat with intumescenoe to a white glasa.
“use with swelling up, at by an

3.5 -4. to a vesicular Characterized by a strong fatty lnltm

white glass or enamel.

They are amorphous, Characterized by a mother-of- pe-rl lustre ;

volennio  products, and. somctimes yields water.

are not homogeneous.  Characterized by a vesicular froth-like struc- ;
ture.
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position. Color. Cieavage or Lustre. Hard- | 8p.Gr. |Crostalliza-
+6H. . Basal. 8.5—4. 2.6 IIL
1.—2. |1.66
‘ 1.5 1.96
Perfect. 1.6 2.33 IV.
4.—5. 4.8
Prismatic. 4.5—b5. (3.5 1v.
3.6—4. 2.3 IV,
|3.6—4. 11.94
’3.4.5 2.5 1V.
5. 2.46 Iv.
|6. 2.64 Massive.
Iﬁ. 2.37 Compact
. (6.6 [3.10 Compact
I l4. 2.53
35 2 Massive.
. ‘8. Massive.
yP 3. I Acicular,
[. Milk-white to blue. 5. 2.5
* Brittle. vitreous. l3. 1.87 Amorph.
1. 4.5 1.8 Stalac.
1
|
green, Waxy. !l.—2. 2.
1.—2. 2.1 Amorph,
'
FL,H. 4.5 2.5 I
yellow, red. ~ 2.56—8. 2.3 IIL
’ |
White, gray, brown, '0.5—7. 3.4 Iv.
blue, green. pearly. ' |
! |
gray, brown. —2. 126 iIV.
gray, red. —2. 35 -
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II. MINERAILS

O.—Infusible or fusible above 8,

before treutmend.)

D1viSIoN 1,—(Continued.)
First ignited B. B., then motstened with codalt solution and again ignited, arsume a beaut(ful dlue color. (It ts necessary to pulverise the Aard anydyous minerals

| @) (Continued.) B. B. in the clowed tube givo water.

b) B. B. in the closed tube gives no water, or but traces,

Specific Charactera.

Tough ; can be cut into chips ; lnpulecﬂv
posed by sulphuric acid.

deoom

Um;l‘lliymorphous,dlylikeorunm“. Forms a pasty mass with water. C

¢# Compare Kaolinite and

PRholerite, above ; Kadlinite

forms the basis of most claya.
of section,
water

soda on coal give a
phur reaction.

Verysoft. H=1-3.

Very distinctly foliated.

Not affected by acids.

= Leucite, the bardness of
Kives globules of tin with
balt. Quartz gives a

acids.

perfectly with hydrochloric acid

'y

A S o

120

o
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‘om position. Color. Clevage or Lustre. Hard- | gp, gr, |Crgtallise-
'ZnH. White, gray, yellow. Dull. 2.—2.5 8.7
White, gray, green s
blue', yellov'v, red. Vitreous. . 4.4 1L
2 White, gray, green,|prigmatic, |Vitreous. (5. (8.5 Iv.
blue, yellow, red.
. .21 wr..y |White, gray, brown, Vitreo-resiu-
‘otten with Nm). "It €87 BrORE Poresin 55 |4 IIL
White, gray, green. |Basal. Pearly. 2.5 2.35 IIL.
PH. White to bronze. Basal. Pearly. 2.6
+H)+MgH.  |White. Silky-dull.  [3.5 2.1 V.
. Yellow, green .
‘)C“’}H- white. gray, 4 Vitreous. 2.5
MgH. White to gray-white. Vitreous. 8.5 2.063
1gH. Blue-gray. Vitreous. 3. 2.5
(Colorless, white, and Rhombohe- |yitreons, |3, 2.6—2.8 [TIL
“low: red. bhag, 7 Vitreous. (.54, [2.9-8. IV,
n White, gray, brown,(Rhombohe- |Vitreous
2aC. ete, ’ ’ dral. to ly. 3.5—4. [2.8—2.9 |IIL
W’,‘,;?v;n"eg‘r‘:g_ gray, Rhombobe- |vireona,  [8.5-453.—8.1 |IIL
N5 T primatic. |Vitreous. (.54 87 [IV.
sl White, gray, yellow,|p . matic. [Vitreons |4  [3.6 V.

green.
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II. MINERALS W

O. Infusible or fusible above 5.

Divisiox 4.—(Continued.)

gelatintzing or leaving a residus of silica.

Nearly or perfectly aoluble tu hydrochloric acid or nitric acid without

General Characters. BSpecific Characters.

The nearly neutral solution gives a precipi-
Moistened with sulphuric acid, tate with oxalate of ammonia (oxalate of Apa

color the flame pale-green.| lime). o
Give the phosphoric acid re- Fused with soda, the mass treatet with
action when fused with mag-| water, and filtered. the residue dissoived
nesium in the clored tube.| in little HCL the solution gives with oxalic M:c:
The nitric solutions give a! acid a precipitate which ignited becumes
precipitate with molybdate of, brick red (oxide of cerium).
ammouia (phosphoric acid). ‘After fusion becomes maguetic. Difficu.ty o
soluble in HCL o-

Fused with bisulphate of pot-,

assa, the mass dissolved in The dilute acid solution colors turmeric Pus

dilute hydrochloric acid and, " . f +
boiled with tin, gives & deepi paper orange-yellow (zirconia). ok

blue solution.

;Gives reaction for the oxide of cerinm. (See Flo
With bisulphate of potassa, or __3onazite, above.)
strong sulphurio acid, give Evolves carbonic acid when treated with Bast:
the reaction for hydrofluoric acids. Ha
acid. Like fluocerite; but has an imperfect cleas-
| age in two directions.

Yeer

DivisioN B,

Gelatinize wlth Aydrochloric actd or are decomposed with the separation of stlica.

a) B. I in the cloacd tube give water.,

With hydrochloric acid forms a perfect jelly.
| (Water = 11 t T Dot
Fused with soda on charcoal,’ (Water = .pereen ) T — - -
effervesce and yield a globule Decomposed without gelatinization. (Water cpry
of copper. = 20 per cent.) )
- 'As above. (Water = 16 per cent.) Coaz
Color yellow; after separation,
of the silica, the solution' N .
gives with ammonia a sul- Water = 12§ per cent. In acicular crystala Urnaz

phur-yellow precipitate (F). .
. L 'After separation of the silica ammonia gives
Coll‘u:l“hlw y massive; very, ., precipitate, but oxalate of ammonia X 2
ard. throws down oxalate of lime.
;The not too acid solution gives a precipitate
'Gelatinize with hydrochloric' with oxalic acid which becomes brick-red CExt
) | on igmition.

acid. JR—
! - Does not gelatinize after ignition. Tre
(iives to the borax bead in both ¢lds much water in closed tabe. B. B Woe

O.F.and R. F. an emeruld-_Yi

. 3 e
green color (chromium), blackens.

With borax in O.F. givesa vio- R
let bead. becoming red-brown l“w:l]!'::d tube blackens and gives much Gent

on cooling (nickel.)

In the solution, after precipitation of the
" oxide of iron by ammonia, phosphate of Xyix

After long heating in R.F. be.__*1a rives n precipitate (nagnesia .

come maguetic. (Given only reactions for iron. Chiw
2t Compare Gilingite, Dis. 3, p. IR,
Gelannizes with hydrochloric acid™ Very Sars

Moistened with cobalt solution  Jight ; alwortw water. B. B. shrivels up  (Mee

3.B. become pink. = - T~
! eeome pin Greaxy feel; does not adhere to the tongue. CEm
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nposition. Color. Cleavage or Lustre, Hard- | gp, gr. | Cpeallt
. Colorl hite, bl .
'a(C, F1). °,g;1§§§; ;e:zn.' e, Vitreous. 5. 8.2 L
JinP. Yellow, clovered, |Bagal  |Resinous,  [5.—5.553 V.
LB, 1 o b e Vitreous.  [4.5-5. 3.18  [IV.
Ze,%4,0b.  |Black. Sub-metallic. 5.5—6.5'4.8—5.1 [IV.
WFI3, Yellow, tile-red. Weak. 4,—5. 4.7 III,
:O,La)c, Wax-yellow. Distinct. Greasy. 4. 4.98 IV.?
)FL 'White, gray, blue. “:::‘;:1 LY ] 3.45
Emerald-green. Rl:ﬁl:ﬁ)ohe- Vitreous. 5. 8.8 [TIII.
1 Blue to green. Vitreous, 2.—4. 2.3
Azure-blue, Dull. 45 |27
i Lemon-yellow, Vitreous, 8.96 IV.
L White-gray. 2.71
i8i+H  [Cherry-red, clove- Rewinous, 5.5 (4.9
brown. '
H Orange, brown-black. Reswinoun, 4.5—5. b.—b.4 L
. ' i | .
Mg, Si, 11 Blue, grass-green. Dull, i‘.’,.—ﬂ.h, 2.8 Amorph,
— " i
L Apg;;l:m to emeorald- Rosinous, 3.—4. (2.4 ’Amorph.
58,1 Wood-brown to green,  Ashestiform [(lhnmering, i 2.4 ¥ib,
it+ayty,  Plstachio-gren 1o yol. Karthy. 2.5-403. Mu,
e
‘H. White, yellow, ris), Dull, LR il.ﬂ M,
Muw,
|

Green, yellow, white, .Conecholdul, puninssona,
|

4 b ,xT.u




94

IL MINERALS V

O.—Infusible or fusible above 5.

Drviston 5.—( Continwed.)

Gelatinise with Aydrochloric acid or are decomposed with the separation of silica.

Divixion 6,

Not belonging to (A firegoing ditisiona,

I
|
|
I

a) Hardnew under 7.

a)—(Continued.) B. B. in the closcd tube give water.

&) B. B. in the closed tube give no water or but traces,

|

General Characters. Bpecific Charactera, 1
white te
H compact,
fibrous
green,
lustre. G
inous is soft. white. Serp
. . by dall is band. com-
acid without pact is foliated
Loses on ignition 12-13 with thin-fo-
cent. water. i ! :
Pezz
like the Py
ing. give only a '
water in closed tube.
SKvR
! Usd
|
With : : " Cha
\
by ek
acid with the formation of | *"el el
jelly. Cun
of ammo- Moc:
by ‘ ‘Forse
acid with of | Lo
tinous silica. o ‘
Decomposed’
ly. Let
not
strong
3 folim elastic. lee
little or no water in the’
closed tube, Soft. H=1,-2.5./
acid
1
the Oels
~ tate with sulph\
Giveslitt water n —
(not always foliated); has a When foliated the folise are not elastic. Talc

greasy feel.

Sott.




'ALLIC LUSTRE.

mpcsition e
i* He of green  Foliated.
red.
o)+ 3ANSi + Foliated
green, black.

Prismatic.

, Y, 0p, 10
milk-white,

yellow, brown, red.
. brown, red. Prismatic.

brown, yellow,
red.

ellow.

Lustre,

Vitreous.

Herd- gpar.
7
7—29
65
7
5—3.6

71
4
2
8—3.9
9—42
1
9
3
5. 45
'4.5—85.

Crystalli-

! zation.

l'



9 IL MINERALS

o Getera: Characters. Specific Characters.

I

b

l S Compare Cuaxiterite, Rutile. and opal which are very near 7 in hanlneaa

| I : T 1 T e T T e = -
Puiverizsi anl fused with bo- : ., Y

! , rax. coiors the bead emenld-:B' B. beeo:ﬂe; blackish green, bat cula <.

| green (Clhrom:nm,. original r- .

B. B..infusibis and unalternd «Rock crystal, rose quartz amethyst, ciaie
" With «da fuses, with effer-  dony. agate. jasper. tlint. etc., are var-t:.« =

© < vesceuce to a clear glass  of quartz.  Tridymite is a hexagvnai f..5:.

: £ twken pure.. " of silica with a specific gravity of 2 2-.2
2% H = 7. Do not fuse toa clear L-BcuItly fusible. F. =3-5.3. e
e % 3 2 glass with swla Infusible. Sta
v E % 2 ! e —_ - —_—

-2 - .B. B. becomes colorlems. Fused with «sla.
e & ¢ and the fusion dissolved in hydrecklone 7.,

~ [ acid, the dilute acid mlution culom tarm.e-
° i : Ei ric paper orange-yellow (zirconia). _

L £ > T B. B. becomes milk white. Hexagvmal pria:ns.
% § § = H=16 with basal cleavage. . B_'
E Tl - B. B. becomes milk white. Monoclinic
I~ prisms, with right-angled cleavage. -

| % . B. B. unchanged. Hexagonal prisme azi ..

O | pyramids, no basal cleavage. L

H = 5. Gives with salt of B. B. the yellow varieties become nwe re!
| phosphorus in open tube the  crystallizes in prisms with perfect basa. To:
! tluenne reaction, cleavage.

: With rxda and borax om charcval gives a v
| H = 7.5—X. Occurs generally coating of oxide of zino. .
i I in octabiedrons.

Soluble: when pulverized in a bead of alt . ¢ s
: e
. - phosphorus.
I H =10 .Characterized by its hardnes. I O

—

Mn

S The native hydrwarb s are, for the most part, mixtures more analogons to rocks than troe mineral apecim, a- . -

l - T
General Charactera, 8pecific Characters.

! {In closed tube yickls a little water, and very
o . . little tarry product.
D';(lr’3 ".Ot take fire in a lamp g "R 00l Kith o feeble flame withou: An:
{mne. ' fusing, leaving little ash; boiled with
potash solution gives to it no color.

Take fire in a lamp tlune, and ln'n‘mrts but little eolor to potash solution <
*Murn witha deep vellos flame,  The powder boiled with ether imparts te
giving an empyrewnatic odor it searcely any color. _ _

B. B i glass tube sive drops tmparts little color to potash solution.  The

of tar or oil. Nir dried Srewes powder boiled with ether imparta to it
Coeoal (Ligzmiter contains fre- awine or brown-red color; very fus Asp
. quently from 15t 20 p e cor ble; flowsin the tlame of a candle ke wax
" more of water, whieh it loses T

I when dried at 110 ¢, 'Ilnpnrtu to potash solution a brown color. Bre




FALLIC LUSTRE. 96
!
position. Color. Clenvagze or Lustre. | Hord- | gp g, Crptallise
: —
| |
' |
€r)®Sid Emerald Green. iVit.reons. 7.5 |3.5 L
Colorless, white, !
smoky, yellow, red, Conchoidal. |Vitreous. (7, 2.6 1L
and all colors. I ]
Si+ A8 Blue. Vitreous. 7. 12, IV.
. i i -re- |, | "
Mg8i  |Brown, red, black | Moo ™'|7. 36 V.
Colorless, - red-gray, iAdnmantins 75 4446 IL
| :
N Colorless, piuk. blue-: . G
D)8 ~yellow and green. _ |Vitreous. |7.5--8. ;2.6—2.7 'III.
P4+ 3XDSi, Mc:lllllitt:n.green-blue, iPriamatic. iVitreous. i7.5 3.1 V.
! i 1
Colorless, yellow-red. Conchoidal. iVitreous. 1.5-8. 3. (ITI.
| i 1
Colorless, white, yel- s . :
low, blue, pink. Basal. :Vltreous |S 3.5 ;IV.
i ! !
X1Fe). Green, black. iConchoidal.  |Vitreous. i7.5.—-8. 4449 lI
|
1 Red, blue, green, yel- . - I
XL Te). low, brown and black. Conchoidal.  |Vitreous, IS. 3.5—4.1 {I.
'Colorless to black.  |Octahedral. |Adamantine,10.  ,3.5—3.6 I

them here, other than to state a few facts in regard to some varicties of mineral-coal. as given by Von Kobell.

position. Color. Streak. Lustre. Hard- | 8p. Gr.
1 ne-R.
| :
4p. 0. Black. Black. Brilliant., |2.—2.5 1.3—1.7
| |
c. residue on‘Black, Black. Resinous. '1_2__1.3
. : i
| |
Brown-black. !Brown. Resinous. 1.—1.8
ble. Brown-black. .Brown. Dull - resin- i
. ous. I




o3 INDEX TO MINERALS.

) Cerussxte........ sesccacaa ceerencas

&
3
E
§

' Chabazite. ....... [ ceieeccnes .
Chalcanthite.... ........... ceeenaanss
Chalcedony = Quartz.................
Chalcocite .ocoivvie ceecenene vanne
Chalcodite .......cc.vveicennnn. cenens
Chalcolite = Torbernite...............
Chalcomorphite ......... eecereaaan
Chalcophyllite. . ........ eaensasss cenes
Chalcopyrite............ feteneaneeans
Chalcostibite......... erecsnnsass annes
Chathamite . ......ccoiiveeerennennnn.

Chenevixite ............ esessesvsssses
Chiastolite = Andnluntc.......... PP
Childrenite....... ceeteseceasanas .

Chiolite .......... evsssensenssassersy
Chiviatite. . Ceeteceecaacaa.. 08
Chloanthlte = Smaltwe eees e .
Chlorite ... .. PPN esssescssesnes
Chloritoid . ....... sesacssacenasse .
Chloropal ..... eeeeteenneenaas .
Chodneffite . ............. ceeeee

Chonicrite. . ......... coeseses
; Chondrarsenite. ........
Chondrodite. .. ..c.cooneevenennns

Chrome-Gnrnet ceceanans ceaes
Chromiciron .....ccovveevennnee.
Chromite ......ccooveinencnnnns
Chrysoberyl........oociivennnnen.
Chrysocollar. ...

l‘hr:\-sotile = Serpentine .........
Cimolite. ....civiiiiieiienns

‘lmtomte = Seybertite .........
Coal....connnnn PN [ .
Cobalt- bloom ................ e
Colaltite, Cobalt-glance . ........
82 Cobaitspeiss = Smaltite.........oceee

“Aammme

rust uh‘ ........................ e

Burat:ite - Aurichaleite oo, 39 Coeruleolactite, .........oivuiiiaenens
Collyrite ....... cesecsvesnae

L 1 T 77 Columbite..............eienl. eeseens
CRIARENE i it e 89, 91  Comptonite = Thomsouite...........
Calvareous Spar Caleite. o W« vvee. 91 Conichaleite .. ..viiiiiiiiaiiiiiiianee
Calvte oo Cireeeiestas et 91  Cookeite......... PP RN .
Calomed 000 00 Ll e e e 72 Copiapite. ....... iereaee teeaseanees
Carphelite . ooe, C eeie tesesaneses 87 Copper........... eersrnsans eaeeaenet
Canermmie o ciiiiiiaie e Ceieees N1 antimonial . ........ e .
Catphosdentte i i i e w black = Melaconite...... .
Carndle oo e B bLlue = Azurite........coeeueee
il e i i cee e e .. 68 ——— gray = Chalcocite ...... cevanss
. l*\lll'l‘ © ot eeiersiisesscencaesees 89— Ceeaeee oot

Castor l‘tllllh et etaciasat e iy _— = Covellite . ........
Calaplenle oiii i & — = Boruite........
Celost e, Celestite, o e iee e 81 ——— red =Cuprite...... cinese
ot vete L e e ireieeans T2 | ——— variegated=Bomite .. ... .
Coras.aie Phoggentte oo ie e 73 , —— vitreous = Chalcocite........c0

- e o

eIl eI RNID -
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PAGE PacE
ith...... teivsseessssassces. 14 | Emerald-Nickel = Zaratite ., ......... 92
MNICE. . uevversnnnnnecnomnnnnn . 68 | Emplectite............ teeressecsee.., 08
ca = Chalcophylht.e veeeses. T4 | Emerylite = Margarite..............87, 94
ckel....... eeaees eee eean . 65 | Enargite.......... seeeaseransiasarans 64
. 68 | Enstatite ..... ....eciiiviveeinnneee. 0B
76 | Epidote..... Ceeeeen P - )
76 | Epigenite...... ............... ceees B4
96 . Epsomite = Epsom Salt.............. 80
74 | Erinite......... ceeeen eeeeaas [ £ Y
90 | Erythrite........... eeeeeeeaa eees 76
65 Luchronte ............. Ceereieeeaiae .. 74
.............. R 5
84
.............. 96
..... 84
........................... 79
........ 87
...................... ke
74
95
89
67
82
Fayalite .............co.oiits ...69, 78
Feldspar, common = Orthoclase. ... .. . 88
potash = Orthoclase........, 83
84 soda = Albite............ .. 88
87 | Felsobanyite ...  .......ccceeiuen. t9
83 | Ferberite = Wolfram ....... e 9
84 | Fergusonite........ eteesieaecenaaaes 71
74 | Fibroferrite. .... [N et 76
95 | Fibrolite ............... PN P 90
74 | Fischerite........... P e 89
86 | Flint = Quartz.......... 96
77 | Fluocerite .......... 93
88 | Fluorite, Fluor- apar ... 81
92 Forsterite. ........... Cresestercaannas 94

96 | Franklinite..... Netsasesssassnasesans 7
71 | Freibergite ........... beesisntanironne 67
80 | Freieslebenite.......c.covvuvunevnnnnn 67

= Jolite......... siecscessans 96

: Pyroxene ........... ..., . 88 | Gadolinite ...... c..coviiniieiiniinne 94
.................... e 93 G'uhmt,e............................. 96
= Seybertite ..... ..... .. . 90 | Galena, Galenite .............0...... 67
s Cyunite......oiiiiiiienn 90 | Garnet........ .... e 78, 87, 88, 93
...................... veee 91 | Gaylussite. ........0veiiiiieniena.... 81
.......................... . 64 | Gearksutite.......... s.clerecinnna. 81
.......................... . 85 | Gehlenite.........cceiiiiiiiiii. 04
........................... 77 | Genthite.............c.occivven o .. 93
[P 684 | Geocronite. . ........ teereresiisnenees 06
...................... eoees 821 Gersdorffite.,. ..ol iiiiiiiiiieean. 6D
.......................... 67 ' Gibbsite. ........ 89
Galenite . .......... e 98 ! Gillingite. . ... 73
D GiSIuondit. .. v 88
alt = Asholan ............. 92 | Glaserite = Aphthitalite. ......... .... 80
L, 83 | Glauberite. .... ettt raraeaas 81
seuadomalachite. . .......... . 8 ' Glaubersalt.........c.c00eivnnn oo, 80
........................... T7 , Glaucodote. .. ..o..oivevvrerinnenansss GO
........................... 84 ! Glnucoht.e._\\'ement.e................ 86

lamine. ......ooinel... 89, 91 Glaucomite..........veveieeinnn, cerees 0
....................... .. 64  Glaucopyrite.......ccciiviiiiieinniens 69
[ [ eee T2 0 Gothite........ PN [ .. 92
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PAGE

Goelarite. .........cc00vuenn. R -
Grammatite = Tremolwe R -
Graphite................ P} §
Green earth, Green-sand............... 79
—— Lead ore = Pyromorphlte ...... .. 13
Greenockite. . . ... eearanans ..o 92
Grossularite.........cccovveenn. veee.. 88
Griinauite. ........coeiiiiiiiiiaans .. 68
Guaadalcazarite ....... rreeees I ]
Guarinite. ......... cectsestianas veeees 87
Giimbelite.........c..o0 ciiiiiiiee, 88
Gymnite = Deweyhte ....... vessos .... 86
Gypsum, .... Creeeriiieieses vesesuses . 81
Halite......... coevvvecennns verrenee. 80
Halloysite... .. Ceteseeateaenes eieecese 89
Hamartite . ............ Ceeieseraaaes . 93
Harmotome. ....... P - L4
Hauerite. . . .. eeenn ereeeiaenn P, . 67
Hausmannite. .. .. eiereeaeas terieeies 70
Hauynite............... cerereceei... 84
Heavy-Spar = Bante.......... ...... . 81
Hebetine = Willemite. . ces 91
Hebronite. .............. 83
Hedenbergite = Pvroxene ceererase... 88
Hedyphane. ........coo0uvnnn. 73
Helvite............. v Crereseeiann 84
Hematite........coovvieneeene ...69,70, 77
Hematite brown = Limonite. ... . .. .70, 92
Hessite .........cco00menn.. [P . 66
Heterogenite. ........ ettennenenneann 76
Heulandite.................. P -
Homichline = Barnbardtite. . .......... 68
Homblende..... .....ccoveunnns e 88
Horn-silver = Cemrgynw ....... ceea.. 12
Hortonolite . .......... ceeees creeans 69, 78
Howlite. .. .. fesncerreretantranas eee.. 87
Huascolite = n. Galenite.... ......... 67
Hilbnerite. ......... reeerrenenee eee.. 18
Humboldtilite. ................ 84
Hureaulite........... . '
Hyalite = Opal 95
Hyalophane. ..................... ceee 88
Hyalosiderite = n. Chrysolite,.. eees 94
Hyacinth = Zircon. ........... R
Hydrargillite = Gibbsite .............. &9
Hydroboracite. ... ............. ceeees &2
Hydrodolomite. ............ccc.ovvnt. 91
Hydrohematite. .............. e.... 70, 92
Hydromagnesite...................... o1
Hydromagnocalcite = Hydrodolomite... 91
Hydrotalcite...........ooocvvivnnnenns 92
Hydrozincite. ............ criesesiaane o1
Hypersthene...........ooiiiiiien.. e
Hypontilbite. . ......... ..o L))
Hystatite = Titanic Iron. . .... Ceeeaees 7
Jdocrame. ....coviieiiiiiiieniiiineaes 88
H:nenite = Titanic Iron............... 70
Ilvaite. . .. .. et ae e 69, 8
Todite, Iodyrite. . . .. Ciierseciecsannane ey
Tolite, ..o e e 06
Iridosmine...............oiieiila 71
Iron.....ooouue.s eeeee Cereseieiaeens 64

' Leadhillite

INDEX TO MINKRALS.

Josdite. .. .. esessreantcunrsasson

Kimmererite = Penninite.......... 9
Kuinite = Picromerite.......
Kalaite = Turquois............. S
Knlinite.......ccovveeeennnnaenann..
Kaolinite. ........... ceeeriraneae -
Keilbanite .............covinnl...n.
Keramohalite = Alnnogm............
Kermesite................. ceenee
Kerolite = Cerolite...........
Kerrite. ..........ccovven.. .. . .
Kibd.lophane = Titanic irou.........

Kjerulfine. .... B L L TP
Klaprotholite = n. Vnt.tichcm&e.......
Klipeteinite...........ccoieieiiiaaean
Knebelite........
Kobellite. . .
Kotachubeit = Ripidolite.............
Kraurite = Dufrenite................
Kruittonite = Gahnite. .

Lnnmte
Lapis- lnmh
Laumont.l.ta

Lead.......cooivivinnnnn. etanncess .
—— black = (nnp!nta ceeesiecannans
—— blue = Galenite. .......
—— chromate
—— green = Pymmorphl&o ..
—vred. ... i .
—— white = Cerussite. ..............
yellow = Wulfenite.............

Lehrbachite............ ceeseean an
Lepidocrocite = GOothit®.cee.oeareenss
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PaGE

e..... P (- T 14
2A08 L..ieiiiieeieinerinaann gg
bergite.........cieiiniees 9D
......... P * ” |
... cieiinnn eesesaaees 65
ne, Leucophanite... .... eee.. 87
1 T 1]
= Ilvaite..... e PN 69, 48
............ R |
...... N | Nt 4
.............. R ¢ 1
............. veese.. 68
_Fluonbe B -1 |
B ittt e e tatreanan, . 74
ca = Lepidolite.,.... [
[0 217 2N e e. 92
- 05
.......... eereeicnissaeeess 80
'ite .................. R . 8
= Pseudomalachite. ....... oo 10
............................ 85
natwe = Brucite........... )
ferrite ............. i 70
3 i ieieaieceernnasesoanenenns 91
2, Magnetic iron. .. ... . ...69, 70
PYTIL8. c vt v iiieiaiaanaas . R8
ril,e ........... e ieeeseenes . 70
.......................... 75

e = Pyroxene......... PR 88
...................... ... U4
ndot,e = Pnedmonm,e ....... . 87
secgarnet L ... veees 87
LR <7 7
€ iiiiieiiiresiesinnecstennne 70
...................... vere.. 68
Piieesacncasana Ceriieeeeas 87, 94
be. it 94
e =DBlende.................. 92
> = Serpentine . .... Ceereraen 94
B i eeeee e ]
= Chloritoid ...... ........ . 95
L 73
um = Sepiolite ..... e 86, 93
3 .18
............................ 84
N eeeaieetieas 5
e o weees 76
..................... veeeea. 84
R 70
i eeieeeiieei e eveens 73
ite..... ettt aaee 66
........................... 64
spar = Mesitite.............. 02
............................ 83
ibarite .. ... Lo i iieieieenna 67
= Serpentine .......... eee.. 94
I3 N N 86
L [ 67
mnon = Muscovite........90, 94
= Lepidomelane. ... ... 18
a Lepidolite ......... .18, 87
nesian = Phlogopite......... 94
nesia-iron = Biotite......... 94

Mimetite, Mimetesite.................
Mininm. .....o0000.
Mirabilite .
Mispickel . .
Molybdateoflead.......... v
Molybdenite.....c.coeevee..

Molybdite ........ovvennnnn [
Monazite. ......ccoiitiieiantiantaane
Monradite... ......... eertossestaans

Monrolite = Flbrohte
Montebrasite = Hebromte.
Monticellite.,..........
Monzonite.........
Mordemte

esesnvssssessetsscssssccoe

terennenes 83

seeeecssssascsscanse

Moroxite = Apatite.. .
Mosandrite........
Miillerite.....covveeeoneceinnracannss

Myelme-.........................'...
Mysorine = n. 11 7 S,

Nadorite.......c..cveiieenenneiienaes

Nanmk.lte................. ..
Nasturane = Pitchblende. .......

Naumannite . .......

sses0asccese

Nephelite.......covveiieine cuae “ee
Nephrite = eompwct Tremolite. .

Newjanskite := Iridosmine.............
Niccolite... .. seseacaonsaratecnans rese
Nickel antimonial = Ullmmmte. eenes

arsenical == Niccolite....... cene

emerald = Zaratite........ cene
Nickel-glance . ................ ceessse
Nickel-gymnite = Genthite .......... .
Nickel-vitriol = Morenosite .......... .
Nickeline = Niccolite ........ sessasee

Nickel-ochre = Annabergite ....
Niobite = Columbite..

ceeese

teeseciscssssnne

Nitratine = Soda nitre........
Nitre.....covvieiieninneenes eetsesne
Nontronite = Chloropal............. .o
Nosite. .... coatessesarsacranoses sesse
Nuttalite = Scapollte ............. ceen
Obsidian...... Cisesssusscesancnns
Octahedrite. . ...... esetatianan tesuse
Oellacherite . tesessasesanse e .
Okenite ......cocvvevieeirinnnnnns ces
Oligoclase....... ececisssearenase ceneee
Olivenite............c.0t. sesssnnns .e
Olivine = Chrysohw ............. veo

Opal ..........cc..0 ses sess sesns .
Ophite = Serpentine....... teeieeaeas

Orangite = Thorite ..........c00neue
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Orpiment... .............. eeeereaaas 72 | Pumice........ cvease s teceenens
Orthite = Allanite......... N 69, T Pyrargyiite.......... eeeeeiann
Orthoclase. . .......... eeeeeaans vee-ao 88 | Pyrite........0 il
Ouvarovite ..........cceivuennn. e.... 06 | Piyrites amenical = Mispickel . .

Capillary = Millerite ... ....
Pachnolite.............. Ceereeieae .. 81 | ——— Cockscomb = Marcasite ...
Palagonite. .. a................. eeees 7 Copper .. .ovviaenninnn..
Palladium.......... ..... [ . 64 ——iron...... ...l .
Parisite . ................ [N veee 92 ——— magnetic........... ...
Pastreite n. Jnrosxte ............... ee. T L2 P
Pearlstone.................. Ceeeeeens . 8 —— whieiron...............
Pearl-spar = Dolomite 91 Pyrochlore......................
Pectolite . ..........ooiiiiiiiiiian.. R Pyrochrvite.................. ...
Peganite.............. R0 Pyroluxite.............. .........
Pencatite. . ........... cioeiiiiaian.. 91 Pyromeline = Morenosite. ........
Pennine, Penninite. . . ... tesesiesane 94, 95 Pyromorphite.. ............... ..
Pentlandite. ....... eereacettaraaaaen 68 Pyrope = Garnet.................
Percylite. . .........cooiiiiiiil Ll 7  Pyrophyllite. ......... S
Peridote = Chrysolite .............. . 94 Pyrosclerite......... ...l
Perofskite.............. veeeesee.s T1 ' Pyrosmalite..............
Petalite..........ovviiiiiiniiiat, 87 Pyrostibite = Kermesite. .
Pettkoite............. sesstiananinas R Pnoxene ..................
Petzite n. Hessite......... Ceseiraianns 66 Pyrrhot.me. cee
Pharmacolite ............... cieeriaes 81
Pharmacosiderite..................... ki Quartz. . ........ciiiiiiiiie ot
Phenacite. ... ... .. 98  Quicksilver. native .................
Phillipsite ... ..ottt 83  Quicksilverfahlerz = Spaniolite.. ....
Phlogopite .................. 94
Phinicite, Phoenicochroite .......... . 73  Rabdionite.........c....oo.....ud
Pholerite......... ... ... .e.. vee.. 8 | Raimondite...........c.ocovnen. .
Phosgenite .. ....oviiiiiiiiieinenann T3 | Ralstonite ...................
Phosphochromite ... ...... (... ..... 74 | Rammelsbergite....................
Phosphorite = Apatite 93 i Raphanosmite = Zorgite.......... .
Phosphorochalcite = Peeudomalachite. 75 | Realgar .......cc.ooeoenn.ne
Picrolite =: Serpentine ... ............ 94 | Redoudite................... .o
Picromerite.........coviiiiiiiiiinn, 80 | Red antimony = Kermesite. ........
Piedmontite. ... i i 7 . Red copper ore = Cuprite..........
Picrophyll n. Pyroxene .............. . 8  Rediron ore = Hematite ..........
Picrosmine n. Pyroxene . ,............. 8% ° Red silver ore == Pyrargyrite. Prowst
Pissophanite, Pissophane. ............ . 89 Red zinc ore = Zlnato .............
Pistacite.. .o o000 i 83  Retinalite = Serpentine ... .
Pitchblende. ............. e 71, 92 Rhodochrosite ........ccoavuvunnene
Pitchstone. ..., 8 Rhodonite.......c.coviiinininnn '
Pitticite. ..o o oo 76 Richterite = Pyroxeue Ceeseaaaes
Plagionite .. ..o iiiiiiail, 66  Rionite. ,......... ... [
Phoimun, ..o eie it e 64 Ripidolite. ... ...cooiiiiiiiiine
Plattnerite ... oottt it i i 69 Ruck-crynhl = Quartz.............
Pleonaste -— Spinel ........ .. ..., 9 Romerite................... s
Plumbogunmmite . ooo0 oo .. R)  Ripperite .... ...ce.iiiiiaaes .
Polianite = Pyrolusite. ............... 70 Rttisite = Genthne ..............
Polybasite. . .....ooiei i iiiieienanes 64 Rubellite............. ... ...
Polyerase. e e i e e 93  Ruby copper = Cuprite e
Polyhalite. ... ..o oo, 8|1 silver = Proustite..... e
Pol mignite, ... oooiiiiiiiiiian 93 zinc = zincite...... .......
Polyeelite n. Tetrahedrite ..o L. 67  Ruby = Corundum.... .. ceiannne
Poreello; hite = Serpentine. .. ... .. AU 2} Rutile............ ceecan creecenns
Potash nlum..... ... oo oL, 80
Preduazzite. oo iiioiie i, .. 9 Sal-ammoniac...... ceteeeieeanns
Prebnite o000 o o e Ky Salt.......... esecacnne ceteneannn
Prochlorite ..o 0 o e 95 Samarskite. ... i iiieeienaaans
Proustite o000 2 \ummte ............... coennsse
Pseudomadachite . ooo0ooo00 oo 7 Sapphire = (,omndnm.. ceecenacen
Polomelane, o000 oo, 7 Sarcopsile. .. iieiiiiienccananans
Pucherite, ... ... oL, .. TY L Sartorite . .....iiecceccecsccacans
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| Struvite.....ceeerueiiniiiiiieinnnn.

Stylotypite ......coiiiiiieninn
Sulphur. ..... cesssessantsertasenans
Susnnnlte....... ..... cectecsccsssnnn

Svanbergite.........iiiieiiennnn
Sylvanite. . ...coieereiiesncsiionannes
Sylvite. .... tesasnsen seeresasesisanee
Szaibelyite. ..... cecerientaenainas

Tachylite. ....cooiiirinniierennaannns
Tagilite. .....coiiiiiiininiiiiinnnnas
Tale..... ctessccasssseatsiasa seee .o
Tallingite... ........cciivvvinninn, .
Tannenite = Empleclte ..... [
Tauntalite. .. .. [ Cereaetteaen o
Tavictockite .. ......... e
Tellurium  ......... [N
Tellurium foliated.................. ..
graphic.............. eenan
Tennantite.............cco0evvnnennn.
Tonorite = Melaconite. . ...... [P
Texasite = Zaratite......... heatanes .o
Tephroite. . ......

Tetradymite .
Tetmhednte ........... teeesenenens
Thenardite.. . ... e P eees

Tin pyrites = Stannite....... e
— stone = Cassiterite.......... PN
Tinkal = Borax................
Titanic Iron. . .....covvveiiininnnnnnn.
Titanite ..... esesraase sesssnsares s B
Topaz ..... Ceeereenea et 90,
Torbernite......... [N “raanes .
Tourmaline .. ..... Ceeonanac.asesins
Tremolite........ ..... sesetseseianas
Tridymite ............... ereieenaes
Triphane = Spodumene.............. .
Triphylite .......oooiviiiiiii

Trogerit......oovevviiiennnn.
Trolleite. .. ......ccoieieiiiennnnnn. .
Trona....ccoiivinieinieeneennnnnens

Tschermakite . ..............co.... cor

Tschermigite
L Tungstite.......coveevenvnnnenns e
. Turgite.........ocovennn

Turquois.. ..............

Tyrolite . .....civiiiiieiiiiiennnnns

. Ulexite............. Ceeeecaeresetaan
. Ullmannite . ........c.ooiiiiianen,
TUranite — Torbernite ........... P
Uraninite .. ........coivvinnns A
Uranotile. ..........o.oue eetaiaeea
| Uranpecherz = Uraninite. . . .. ... . a1,
| Uwarowite = Ouvarovite...... .......
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Vauquellmte ........... [ teeeenns
Vermiculite.......c.cocoeniviinieennns

green
white
Vivianite. . ........ociiiiinnenennnnns
Volknerite = .
Voigtite......cooviiiiiiniiiaiinn, .
Volborthlt.e ......................... R

..............

Warwickite........cooieeiiiennnns e
Wavellite

White Iron-pyrites = Marcasite......
White lead............coieviiiennnnes
White vitriol =
Whitneyite. .......cocovenineiienennns
Willcoxite........ccovvivenrreescnnnas
Willemite.........coiiiveiiianenn. 90,
Wilsonite.........coieeieiiiiinnanans
Witherite. ........ciiieieeeninnens .

' Wort)nho
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Wolfram, Wolframite ..............
Wollasatonite.. ..........cccovevn.. ..
Wulfenite......

....................

Xanthophyllite =
Xenotime
Xonaltite. . .
Xylotile. . ..oeiiiieeiiee ciiian.. O

o,

Yellow copper ore Chdcopynte .....
lead ore = Wulenite. . eeeee

Zaratite. [
Zephuovic!uu ............... eeconnns
Zincblende == Sphalerite..............
Zincbloom = Hydrozindite.............
Zincite

..............................
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